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ABSTRACT 
Native grassland and ecotonal communities that comprise vegetation in the Loess Hills 
landform of western Iowa were quantitatively identified and described with two-way indicator 
species analysis and detrended correspondence analysis. Eleven community types 
encompassing three physiognomic groups - mid-grass prairie, tallgrass prairie, and 
woodland/edge - were identified. The four community types in the mid-grass group 
(dominated by little bluestem (Andropoeon scoparius). side-oats grama (Bouteloua 
curtipendulaV and plains muhly (Muhlenbergia cusgidata)) accounted for the majority of 
extant native grassland and generally occurred on the driest habitats. Mid-grass communities 
exhibited intermediate species diversities and were typically located on moderate to very steep 
slopes with south to west orientations and relatively low total soil nitrogen and high soil pH. 
The four community types in the tallgrass group (dominated by big bluestem (Andropogon 
eerardiil and Indiangrass (Sorehastrum nutans')), occupied dry-mesic habitats and, for two 
community types, habitats with greater anthropogenic influence. Because of an interaction 
with relative elevation, slope orientation was more variable in tallgrass communities, although 
north and east directions were generally typical. Tallgrass communities exhibited the highest 
species diversities and occurred on slopes with relatively high total soil nitrogen and medium 
soil pL The most important environmental factors associated with the primary gradient in 
community composition (a soil moisture gradient) v/ere slope azimuth and relative elevation. 
Slope angle (i.e., slope steepness) was not associated with the soil moisture gradient, but 
instead was strongly correlated with a disturbance-type gradient. Microclimate studies 
verified that, at least during periods with clear skies, south- and /or west-facing slopes were 
warmer (daily maximum air temperatures as much as 5 to 7°C higher) than northeasterly 
aspects. There was great potential for differences in total wind movement between windward 
and leeward slopes, and some evidence that slopes with higher wind may also experience 
lower water vapor pressures. During the 1992 growing season, soils on south, southwest, and 
northwest slopes had consistently lower water content than east and northeast slopes. For 
two species, big bluestem and side-oats grama, differences in photosynthetic rates during 
certain periods of the growing season (which reflect changing soil moisture conditions) 
corroborated differences in community composition. 
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GENERAL INTRODUCTION 
Studies in community ecology can be separated into two broad classes; I) 
identification and description of communities, and 2) investigation of processes and 
mechanisms controlling community composition, structure, and dynamics, particularly those 
involving interactions among species (Roughgarden and Diamond 1986). Biological diversity 
is the fabric of community structure. In the words of E.O. Wilson (1992), it is the key to 
maintenance of the world as we know it. Although biodiversity is most often measured at the 
species level, it can also be measured at lower (e.g., genetic diversity) or higher (e.g., 
community diversity) levels of organization. An ecological understanding of a landscape 
begins with an assessment of its community diversity (the number and types of communities 
that comprise the landscape), and the environmental factors that most influence community 
composition. Descriptive studies are the first level of ecological study; they provide the 
crucial information that is needed to "ask the correct questions" in later experimental or 
manipulative studies. This fundamental information is also extremely valuable for land 
managers responsible for preserving the biodiversity contained in native communities. 
Therefore, the first of the two primary goals of this dissertation was to identify and describe 
the plant communities that comprise the grassland vegetation of one of Iowa's most distinct 
landforms, the Loess Hills. This is the topic of the first chapter, "Identification and 
description of native grassland and ecotonal plant communities in the Loess Hills of western 
Iowa." 
Plant communities may be identified visually on a relatively large scale by 
physiognomy (e.g., grassland vs. woodland) or habitat (e.g., gravel prairie vs. floodplain 
prairie). However, if the objective is to achieve a finer-scale division of vegetation into 
communities, particularly the community-level biodiversity occurring on a relatively large 
landscape, a quantitative fioristic approach (i.e., calculation of the degree of similarity in 
species composition) is necessary. The quantitative measure of species abundance used to 
calculate levels of similarity in species composition is an important part of the methodology. 
There are two fiindamentally different methods by which the abundance of a species can be 
measured: productivity-based and individual-based. Unlike many other studies focused on 
identifying grassland communities from quantitative samples of species composition in which 
productivity-based methods were used, this study developed methodology that was more 
individual-based, and I argue that such methodology is more appropriate for identification and 
description of prairie communities. 
The mechanisms that influence community assemblage often occur at lower levels of 
biological organization. Natural selection occurs at the level of individuals, which are adapted 
for particular environments. When individuals occur together in space and time, population-
level processes become important in explaining the abundance of a species in a community. 
Investigations seeking to understand the processes and mechanisms controlling community 
composition and structure must incorporate studies at these lower biological levels. Allen and 
Hoekstra (1992) suggest that for adequate ecological understanding, it is necessary to 
consider not only the biological level in question but also the level below that gives 
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mechanisms and the level above that gives context. Thus, the second of the two primary goals 
of this dissertation was to carry out lower level studies (population and ecophysiology) to 
address possible mechanisms responsible for the species composition of prairie communities in 
the Loess Hills. Ecophysiological studies were focused on the effect of topography (primarily 
slope azimuth) on microclimates and on the physiology (photosynthetic rates) of individuals of 
certain prairie species. This is the topic of the second chapter, "Effects of microclimate on 
ecophysiology and community assemblage of prairie plant species in the Loess Hills of 
western Iowa." 
Population-level studies were focused on the measurement of species abundance in 
both the vegetation and seed bank along environmental gradients. Of particular interest was 
population-level seed dispersal. Roughgarden and Diamond (1986) consider limitations on 
dispersal to be one of the three important characteristics that determine the membership of a 
community. Although seed dispersal has been investigated at the individual level for various 
species, the extent of seed dispersal accomplished by a population is a more important 
measure of the potential for species to reach new habitat. Community-level seed bank studies 
were completed that assessed the similarity between seed bank and vegetation and the 
potential for the seed bank as a source of seed in prairie restoration. None of the research 
connected with the seed bank is included in this dissertation, although some of the seed bank 
data have been published (Rosburg et al. 1994). Community composition of the seed bank at 
two sites within the Loess Hills Wildlife Area, in Monona County (owned by the Iowa 
Department Natural Resources), was qualitatively similar, but quantitatively dissimilar. There 
was also very little similarity between the vegetation and the seed bank at one of the sites. A 
grassland/edge community, characterized by Kentucky bluegrass fPoa pratensist and invading 
wocdy shrubs, exhibited the highest similarity between vegetation and seed bank, which was 
considered to be evidence of a greater amount of "disturbance" compared to the other 
communities sampled. An assessment of the seed bank species for value in restoration of 
Loess Hill prairie suggested that the seed bank contained very limited potential for prairie 
restoration. Only three or four species with significant value were observed in the seed bank 
of woodland communities (Rosburg et al. 1994). 
In this research, study was focused on each of the two general categories of 
community-level research, and they define the two primary goals of the dissertation. 
However, the approach adopted, one of integrating landscape, ecosystem, community, 
population, and physiological studies to address specific questions concerning the composition 
and distribution of native grassland in the Loess Hills, became an overall objective. 
Dissertation Organization 
The dissertation contains a general introduction, two papers that have been written for 
publication in refereed journals in ecology, and a general summary. Each of the papers 
contains an abstract, an introduction and brief literature review, methods, resuUs, discussion, 
and literature cited sections. References cited in the general introduction and general 
summary appear at the end of the general summary. 
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In Chapter 1, the grassland and ecotonal communities of the Loess Hills landform are 
identified and described with respect to their species composition and environmental 
characteristics. For 126 plant species observed in community samples, geographic distribution 
within the Loess Hills, average abundance in each community type, and affinity for each 
community type are described. Environmental factors responsible for variation in community 
composition are identified and explained. Comparisons are made between Loess Hill 
grassland communities and other dry Midwest communities. Important species associations 
are identified and discussed. 
In Chapter 2, the focus is on mechanisms associated with formation of grassland 
communities in the Loess Hills. The effect of slope azimuth on microclimates is discussed. A 
central focus is a comparison of the physiological capability of several species to grow in 
different microclimates based on measurements of photosynthetic rates. The relative 
importance of the abiotic and biotic components of a species's environment is discussed. The 
relationships among microclimate (soil moisture), species' photosynthetic rates, and 
community composition are evaluated to address the question: can ecophysiological patterns 
explain differences in community composition? 
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CHAPTER 1. IDENTIFICATION AND DESCRIPTION OF NATIVE GRASSLAND AND 
ECOTONAL PLANT COMMUNITIES IN THE LOESS HILLS OF WESTERN IOWA 
A paper to be submitted to Ecological Monographs 
Thomas R. Rosburg, David C. Glenn-Lewin, Thomas W. Jurik 
Abstract 
Native grassland and ecotonal communities that comprise vegetation in the Loess Hills 
landform of western Iowa were identified and described with quantitative methods. Three 
broad groups of community types were identified: mid-grass prairie, tallgrass prairie, and 
woodland/edge. Bluff colluvium and bluff mid-grass community types were in the mid-grass 
group and occurred only on habitats associated with the very steep, primarily west-facing 
bluffline along the western edge of the Loess Hills. Diy mid-grass and mid-grass community 
types were also in the mid-grass group and occurred throughout the landform on steep to 
moderately-steep south- or southwest-facing slopes. Community types in the mid-grass group 
(dominated by little bluestem CAndropoeon scopariusi side-oats grama (Bouteloua 
curtipendulaV and plains muhly ("Muhlenbereia cuspidata)) accounted for the majority of 
extant native grassland. Four community types were recognized in the tallgrass group. The 
tall/mid-grass community type was a transitional community in which mid-grass species (little 
bluestem and side-oats grama) dominated when measured with frequency and tallgrass 
species, namely big bluestem (Andropogon gerardiil and Indiangrass fSorehastaini nutans). 
dominated when measured with biomass. The tall/mid-grass conununity type occurred 
principally on moderately steep northwest and east slopes in the northern one-third of the 
Loess Hills and had the highest species diversity and forb richness. In the three remaining 
community types (tallgrass, tallgrass exotic, and tallgrass edge) tallgrasses were more 
abundant than mid-grasses in terms of both frequency and biomass. The tallgrass community 
occurred throughout the Loess Hills on all aspects, but typically on habitats of low relative 
elevation. The tallgrass exotic and tallgrass edge also occurred on habitats of low relative 
elevation and were distinguished by the dominant presence of exotic species (Kentucky 
bluegrassfPoa pratensis) and smooth brome (Bromus inermis')') or invading woody species 
(rough-leaved dogwood (Comus drummondii')). respectively. The woodland/edge group 
consisted of five community types that were dominated by woody vegetation (mean total 
woody basal area greater than 3.0 ha"'). The shrub edge and woodland edge community 
types were characterized by the presence of at least a few prairie indicator species, while the 
eastern red cedar woodland, dogwood/elm woodland, and bur oak woodland community 
types were characterized by woodland indicator species (Virginia creeper (Parthenocissus sp.) 
and bittersweet fCelastrus scandens')') and had mean total woody basal area greater than 14 m^ 
ha"'. For 126 plant species observed in community samples, geographic distribution within the 
Loess Hills, average abundance in each community type, and affinity for each community type 
are described. The most important environmental factors associated with the primary gradient 
in community composition (an apparent soil moisture gradient) were slope azimuth and 
relative elevation. Slope angle (i.e., slope steepness) was not associated with the soil moisture 
gradient, but instead was strongly correlated with a disturbance-type gradient. A comparison 
of community composition among Loess Hill grasslands and other diy. Midwest prairie 
communities showed that the steeper mid-grass community types in the Loess Hills were most 
similar to northeast Iowa hill prairies, less steep mid-grass types were most similar to 
northwest Iowa gravel prairies, and Loess Hill tallgrass types were most similar to dry 
tallgrass communities in Iowa. Species associations among a number of important species are 
identified and discussed. 
INTRODUCTION 
The Loess Hills landform is a narrow range of rugged hills located in extreme 
southeastern South Dakota, along Iowa's western border (Fig. 1), and in extreme 
northwestern Missouri. Formed from extensive deposits of loess, or wind-deposited silt, 
during the Wisconsinan Glacial Stage, the Loess Hills landform is one of Iowa's most 
distinctive physiographic regions (Bettis et al. 1986, Prior 1991). Because of the rugged 
character of this region, native habitats have endured better than in most of Iowa and the 
Loess Hills contains the majority of Iowa's remaining prairie (Farrar et al. 1985, Roosa et al. 
1986). Although ecological interest in the prairie vegetation, and in disjunct species from the 
Great Plains in particular, has spanned nearly a century, most plant community research has 
focused on qualitative floristics (Bush 1895, Pammel 1895, Morrill 1953, Shimek 1909, 
Novacek et al. 1985). 
Locotions (No. Sites) 
Five Ridge Proirie (2 
Mt. Tolbot Preserve (2) 
Loess Hills Wildlife Area 
East and West Trocts (8) 
Turin Hills Preserve (2) 
Crescent Ski Area (2) 
Cody Farm (3) 
Baylor Farm (2) 
Woubonsie State Pork (5) 
I Plymouth MINN 
Woodbury 
i Monona 
S.DAK 
NEBR 
Harrison 
.Pottawattamie 
IOWA 
Loess Hills Landform 
MISSOURI 
'Mills 
L J 
jFremont 
Figure 1. Loess Hills landform in western Iowa with study sites and locations. 
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The limited quantitative research on the community ecology of Loess Hill prairie 
includes work by Carter (1963), who used iW quadrats to measure species' frequencies on 
the steep, west-facing bluffs. Ninety quadrats were measured on one bluff in each of Monona, 
Woodbury and Plymouth counties (Fig. 1) and resulted in estimated abundances of the 40 
most common species. Pearson and Leoschke (1989) sampled 12 prairie ridges on sites from 
Woodbury to Harrison County (Fig. 1) with 25 1-m^ quadrats. However, their goal was to 
determine an overall measure of species' relative frequencies for the purpose of evaluating 
prairie quality. Prior to the present study, there had not been any comprehensive studies 
comparable to the community ecology studies of other Iowa prairies by White (1983)[see also 
(White and Glenn-Lewin 1984)] and Ugarte (1987). 
From 1990 to 1993, our research on native grasslands in the Loess Hills has 
endeavored to integrate studies in community, population, and physiological ecology. One of 
the goals of the community study was to describe quantitatively the prairie communities that 
form the grassland vegetation. In a reconnaissance study undertaken in 1989, 30 community 
samples were collected at locations along the entire north-south range. These samples 
suggested that variation in community composition might occur at three important scales. 
From largest to smallest these are: latitude, management history (within latitude), and local 
topographic variation (within management history) (Rosburg 1990). Subsequently, an 
intensive community study was designed that considered the potential influences of these three 
scales. 
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The objectives of the community ecology study were; 1) to classify grassland and 
ecotonal vegetation into community types and determine their species composition; 2) to 
describe and contrast environmental and vegetative characteristics among community types; 3) 
to compare the grassland communities with other dry mesic to xeric prairie vegetation; 4) to 
compare landscape variation, primarily latitudinal and topographic components, with the 
pattern and composition of grassland communities, and 5) to ascertain certain aspects of 
species ecology, such as association among species, affinities for community types and 
latitude, and the persistence of prairie species under woody encroachment. 
METHODS 
Study Sites 
Study sites were selected in five of the seven Iowa counties containing Loess Hill 
prairie (Fig. 1). Different counties represent different latitudes and therefore, some of the 
variation in species composition among counties represents latitudinal effects such as climate 
and species biogeography. Within the counties, locations were selected that appeared best to 
exemplify a variety of representative habitats. In this study, a location is defined as a tract of 
land with a common ownership and, presumably, a common recent management history. 
Therefore a location corresponds to the scale that contains variation in species composition 
due to different management histories. A site is defined as the place within a specific latitude 
and location where community samples were measured. A site was physically represented by 
a point on a ridge and two or more transects that originated at that point. The transects 
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extended from the ridge point downward across adjacent slopes or along spur ridges. Thus, 
transects followed environmental gradients associated with topography, and sites therefore 
correspond to the scale that exhibit variation in species composition due to variation in local 
topography. A total of 26 sites representing nine locations was included in the study. 
Additional information pertaining to study locations is presented in Appendix A. 
All of the study sites occurred on one or more of four possible soil types. They 
include soils of the Hamburg series (a Coarse-siity, mixed, calcareous, mesic Typic 
Udorthent), the Ida soil ( a Fine-silty, mixed, calcareous, mesic, Typic Udorthent), the 
Monona soil (a Fine-silty, mixed, mesic, Typic Hapludoll), and the Napier soil (a Fine-silty, 
mixed, mesic, Cumulic Hapludoll) (Clark and Nixon 1975). Additional description of the soil 
types is provided in Appendix B. 
The climate of Iowa is subhumid and continental. Over the latitudinal range of the 
Loess Hills, from south to north, precipitation, mean temperature, and length of the growing 
season all decrease. For example, in Fremont County in the southern portion of the Loess 
Hills, the average annual precipitation is 81 cm, the mean July temperature is 24.7°C, the 
mean January temperature is -4.2°C, and the average frost-free growing season is 165 days 
(Clark and Nixon 1975). In Plymouth County in the northern portion of the Loess Hills, the 
average annual precipitation is 69 cm, the mean July temperature is 23.6°C, the mean January 
temperature is -7.5°C, and the average growing season is 149 days (Worster and Harvey 
1976). 
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Species Measurements 
Communities are collections of populations coexisting in space and time. A goal of 
quantitative plant community ecology is to describe the species composition of a plant 
community, that is to identify and quantify the importance of the plant populations that 
comprise the community. In a community sample, the plant species are variables. Their 
collective measurement provides an estimate of the species composition of a community. In 
many community studies, the importance of each species has been measured by subjectively 
estimating the percentage of aerial cover for each species in a number of 1-m^ quadrats or 
subsamples by assigning species to one of 5 or 6 cover classes (e.g., Daubenmire 1959). 
There are several reasons why aerial cover measurements may not adequately measure a 
population's importance. Aerial cover provides a good proxy for a species productivity or 
biomass, but populations are collections of individuals, and therefore a population's 
importance in a community sample should be more closely associated with the number of 
individuals in the population and not necessarily biomass. Essentially, the goal of the 
community ecologist is to quantify the success of a species in establishing and maintaining 
itself in a particular environment. A species's success in an environment is more accurately 
estimated by the number (or frequency) of individuals, because presence of individuals is 
independent of measurement differences related to morphology. 
In quantitative community ecology, identification of communities depends on the 
ability to measure the amount of similarity among community samples. Measurements of 
aerial cover tend to diminish the ability to distinguish differences in a species's abundance 
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among community samples. This is particularly true for species with low biomass, which 
comprise an important segment of the species richness of prairie communities. For example, 
consider blue-eyed grass (Sisvrinchium campestre"). a species with very small aerial cover per 
stem. Subjective measures of aerial cover vwth Daubenmire cover classes would likely result 
in recording blue-eyed grass importance in the smallest cover class for all the community 
observations containing blue-eyed grass. This greatly restricts the resolution with which 
community samples can be compared on the basis of blue-eyed grass. Measurements of 
individual stems will yield a larger range of observations permitting greater ability to 
distinguish the amount of similarity among samples on the basis of blue-eyed grass. Similarity 
in the species composition of community samples is calculated by considering simultaneously 
all of the species, thus resolution of the amount of community similarity is dependent on the 
number of species in which resolution of differences in importance is relatively high. 
Measurements based on aerial cover will tend to lower the number of species with potentially 
high resolution, while individual-based measurements will tend to increase the number of 
species with potentially high resolution. 
Another problem with aerial cover is that it is highly dependent on species phenology 
and the time of sampling. While plant ecologists may circumvent this difficulty by measuring 
the same community samples at two or three times during the growing season, it requires that 
all community samples (and subsamples) are permanently marked for relocation. This doubles 
or triples the time and cost expended per community sample. 
In this study, an eflfort was made to overcome these problems by using a method that 
is more closely associated with the number of individuals present, that is more sensitive to 
differences in importance of a species among samples, and that is more independent of species 
phenology and sampling time. It was also important that the method be appropriate for 
population studies of species distributions along environmental gradients. Conceptually, the 
method involves measuring the presence of species in many small subsamples within a 
community sample and obtaining a measure of frequency. While aerial cover tends to be a 
productivity-based measurement, frequency of species in many small subsamples tends to be a 
more individual-based measurement. Higher accuracy in the measurement of a species's 
abundance is obtained by both increasing the total area sampled and by decreasing the size of 
each of the subsamples. (For a given amount of sample area, a higher number of smaller 
subsamples increases the resolution compared to a lower number of larger subsamples). Thus, 
a compromise is necessary among the size and number of subsamples and the total area 
sampled. In this study 40 subsamples, each 25 cm x 25 cm and collectively occupying 2.5 m^, 
were used per community sample. 
Each community sample consisted of a 2 m x 5 m plot nested within a 4 m x 7 m plot 
(Fig. 2). A stratified random design was used to subsample the inner 2 m x 5 m plot with 40 
quadrats each 25 cm x 25 cm (0.0625 m^). By measuring the presence of stems or root 
crowns in a large number of relatively small quadrats uniformly scattered over the community 
sampling area, the spatial presence of species in the community is addressed at the individual 
level. All herbaceous and woody vascular plants observed in each quadrat were assigned a 
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4 
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50 cm 
Figure 2. Diagram of a community sample. The large plot (4 m x 7 m) was used to measure 
woody species taller than 2 m, the nested plot (2 m x 5 m) was used to measure 
woody species 1 to 2 m tall, and the 40 small quadrats (25 cm x 25 cm) were used 
for all vascular species. 
presence index that, in simplified terms, represents either a low, medium or high presence 
(Table 1). Woody and non-graminoid herbaceous species were measured by counting stems 
or, in the case of acaulescent species, apparent clumps or crowns. Because of their multi-tiller 
growth habit, graminoid species were measured with basal area of tillers. While numbers of 
stems or clumps and per cent basal area do not always reflect absolute numbers of individuals, 
they are more individual-based than aerial cover and more constant through the sampling 
period. The index has the effect of weighting the presence of "individuals" by their vigor or 
temporal presence. For those herbaceous perennial species that are potentially multi-stemmed 
or tillered, individuals with longer temporal presence in the community sample are likely more 
vigorous than recently established individuals and are therefore more likely to be multi-
stemmed or have greater basal area of tillers. The nonlinear scale of the "weighting factor" 
was devised to help normalize species sample distributions. For each species, the sum of its 
indices in all 40 subsamples was recorded as its frequency, or quantitative importance, in a 
community sample. 
The presence of plant species in community samples was measured during a six week 
period, from about the last of May to the second week of July. During this period, nearly all 
herbaceous species potentially present were identifiable in either fhiiting, flowering, or 
vegetative stages. Because numbers of stems and the basal area of tillers is relatively 
invariable afler herbaceous regrowth is well underway, a one-time measurement of community 
samples was considered sufficient to quantify species's importance. 
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Table 1. Indices used to record species presence in 
40 subsamples (25 cm x 25 cm quadrats) 
per community sample. 
presence index 
1 
low 
2 
medium 
3 
high 
forbs 
(stems or crowns) l t o 3  4 to 8 9 or more 
woody 
(stems) 1 to 2 3 to 5 6 or more 
graminoids 
(basal area) up to 10% 11 to 45% 46 to 100% 
Because woody species occur on larger spatial scales and exert a greater influence in a 
community as they grow larger (across a temporal scale), their weighted frequency in the 25 
cm X 25 cm quadrats (i.e., spatial fi'equency) does not adequately measure their importance in 
the community sample. Individuals of woody species greater than 1 m in height were 
recorded as one of two pseudospecies that were defined by their structural size as either a 
shrub or a tree. A pseudospecies represents a particular size (and therefore age) of an 
individual woody plant and conveys a measure of its temporal frequency in the community 
sample. By recording woody pseudospecies (e.g., a shrub-size rough-leaved dogwood 
fComus drummondii) individual is recorded as a different "species" than a tree-size rough-
leaved dogwood individual), the importance of differences in the temporal frequency among 
individuals of the same species, but with quite different structure and ecological importance, 
was incorporated into the analysis of the vegetation. 
In this study, all woody stems between 1 and 2 m tall and within the inner 2 m x 5 m 
plot were recorded as shrub-size pseudospecies. Each stem was counted by species and 
assigned a DMH (diameter at 1 m height) of 1 cm. For each shrub pseudospecies within a 
community sample, the DMH were summed and recorded as its abundance in the community 
sample. For example, the total DMH of all rough-leaved dogwood stems between 1 and 2 m 
and inside the 2 m x 5 m plot was recorded as the abundance of the pseudospecies, shrub-size 
rough-leaved dogwood. (Note that for all shrub pseudospecies, the total DMH is equivalent 
to the number of stems in the 2 m x 5 m nested plot). All woody stems over 2 m tall and 
within the outer 4 m x 7 m plot were recorded as tree-size pseudospecies. Each stem was 
identified and tiie DMH recorded. The total DMH for each tree pseudospecies within the 4 m 
X 7 m plot was recorded as its abundance in the community sample. Thus, the DMH for all 
rough-leaved dogwood over 2 m tall was recorded as the pseudospecies, tree-size rough-
leaved dogwood. While shrub and tree-pseudospecies importance was based on a 
measurement of basal area, the diameter measurement (in cm) was used as the index and 
therefore the shrub and tree index was also on a nonlinear scale. To perform the analyses 
without woody pseudospecies, each pseudospecies was combined with its "parent species" by 
adding the abundance of both the shrub and tree pseudospecies (basal area measured as DMH 
in cm) to the species initial frequency as measured in the forty 25 cm by 25 cm quadrats. 
Thus the importance of woody species with significant basal area was increased in the 
community sample. 
Community samples were placed at either 5, 10, or 15 m intervals along transects. 
The 5 m intervals were used on transects in which seed bank studies were also performed or 
where transects traversed very steep slopes, while the 15 m intervals were used when 
transects traversed relatively longer and less steep slopes. Transects ended when at least one 
community sample occurred in the ecotonal habitat between woodland and grassland or when 
an anthropogenic habitat was encountered. At two sites, seed bank studies of grassland and 
woodland communities were completed (Rosburg et al. 1994), and community samples 
collected for that study were located up to 30 m into adjacent woodland habitats. Therefore, 
although the study focused on native grassland, a number of community samples of 
encroaching woodland was included. A total of 245 community samples was recorded. 
Nomenclature follows Great Plains Flora Association (1986). 
Abiotic Measurements 
Several characteristics of the physical environment were quantified for each 
community sample. Slope steepness (referred to as slope angle) was measured with an 
inclinometer mounted on a pole about 2.5 m long. For each sample, two measurements were 
made by placing the pole on the ground surface parallel with the slope of the community 
sample. Their average was recorded as the slope angle of the community sample. For 
community samples with a slope angle greater than 3°, the slope azimuth was measured with a 
compass corrected to true north. Although the azimuth measurements were recorded to the 
nearest whole degree, for descriptive purposes they were grouped into eight sectors (nominal 
variables): north, northeast, east, southeast, south, southwest, west, and northwest. To 
quantify azimuth as a continuous variable, azimuth readings between 180° and 360° were 
transformed to reflect the number of degrees away from north (north = 0, south = 180). 
Because of the symmetry of solar geometry, an aspect with an azimuth of 30° and another 
with an azimuth of 330° are both 30° south of north and potentially receive the same amount 
of solar radiation for a constant latitude and slope angle. The distance down slope from the 
top of the ridge (i.e., from the origin of a transect) was recorded and indicates the relative 
elevation of the sample. The topographic/geomorphic position of the community sample was 
qualitatively characterized with the following nine categories: ridge, ridge slope, slope, toe 
slope, valley slope, valley, bluff ridge, bluff ridge slope, and bluff slope (Table 2). 
Two soil cores from each community sample (4 m x 7 m plot) were examined. For 
each core (approximately 2 cm in diameter) the thickness and color of the A soil horizon and 
the depth to CaCOs were measured in the field (depth to CaCOs is indicative of the amount of 
leaching and/or erosion that has occurred). Soil color was characterized using the Munsell 
color chart. Presence of CaCOa was detected with drops of dilute HCl. For thickness of the 
A horizon and depth to CaCOs, the average of the two cores was recorded for each 
community sample. The top 40 cm of each core from a community sample was pooled and 
retained for total soil nitrogen and soil pH measurements. Total soil nitrogen was measured 
for each community sample from an average of two replicates using the semimicro-kjeldal 
technique (Bremner and Breitenbeck 1983). Total soil pH was measured with one replicate in 
a slurry made from a one-to-one ratio of soil and 0.01 M CaCb. 
Soil moisture was gravimetrically measured in a subset of community samples. On 10 
July 1991, two soil cores approximately 40 cm deep and 2 cm in diameter were collected from 
each of 93 community samples in the Loess Hills Wildlife Area, Monona County. For each 
community sample the two cores were divided into upper 20 cm and lower 20 cm halves, 
pooled, and placed in air tight cans. Per cent moisture was computed after the samples were 
oven-dried at 60°C with the following calculation: 
(weight of water removed/weight of the oven-dried soil) x 100 
23 
Table 2. Description of the topographic/geomorphic position categories. 
Topographic/ 
Geomorphic 
Position 
Pos. 
Code 
Description Comments 
ridge 
ridge slope 
slope 
valley slope 
toe slope 
valley 
R 
RS 
VS 
TS 
surface on a usually nanow, long strip of 
land of relatively highest elevation with 
no or little slope (no aspect) and a convex 
shape 
surface on a usually narrow, long strip of 
land of relatively high elevation with a 
distinct slope and a convex shape 
surface on a distinct slope with neither a 
convex or concave shape 
surface on a distinct slope with a concave 
shape 
surface on a distinct slope with neither a 
convex or concave shape and occurring 
near the bottom of a slope 
surface on a usually broad area of land of 
low elevation with no or little slope and 
neither a convex or concave shape 
usually main ridges 
usually spur ridges (sloping 
ridges that branch from a main 
ridge) 
the typical backslope, but may 
occur at any relative elevation 
usually positions lying where 
adjacent slopes meet and form a 
minor valley more or less 
perpendicular to the slopes 
(conceptually the opposite of a 
ridge slope) 
restricted to positions that 
appeared to represent either 
colluvial or alluvial deposition 
from adjacent higher slopes 
restricted to low-lying alluvial 
soils 
bluff ridge 
bluff ridge 
slope 
bluff slope 
BR 
BRS 
BS 
categories with 'bluff" are same as above except they denote a position on the 
western bluffline, an abrupt, steep bluff that demarcates the western 
boundary of the Loess Hills landscape and occurs more or less continuously 
along their entire 350 km length. 
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Biomass Measurements 
Estimates of aboveground annual net primary productivity were made at four sites, 
two in Plymouth County and two in Monona County, on August 19-20, 1992. An attempt 
was made to select sites representing a range of grassland community types. At each site, a 
15 m X 15 m sample area or grid was established on a relatively homogeneous area of 
grassland (homogeneous in terms of slope angle and azimuth, and therefore apparent 
composition). A stratified random design was used to locate ten 1-m^ quadrats throughout 
the sample grid. In each of these quadrats, a quarter section (i.e., 50 cm x 50 cm plot) was 
randomly selected for sampling. In each of these plots, a species inventory was first 
completed using the weighted frequency index, then all of the current year's biomass, both live 
and dead, was cut at ground level, sorted by species, and placed in paper sacks. The biomass 
samples were oven-dried at 60°C and weighed. 
Vegetation Analyses 
Multivariate classification of the community samples was performed with two-way 
indicator species analysis (Hill 1979b) using the program TWINSPAN. TWINSPAN is a 
polythetic divisive classification method that uses repeated dichotomization to form groups. 
Two basic ordinations, one using reciprocal averaging and one using differential species, 
comprise each dichotomy (Hill 1979b). Several advantages of TWINSPAN are that the 
original species by sample matrix is used (and not a secondary similarity matrix), a species 
classification is performed using the sample classification as a basis, and it is a fairly objective 
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method of classification (the user must define pseudospecies, or importance categories, for 
quantitative data and decide how many levels of division are appropriate). 
The pattern of variation among community samples was examined using the program 
DECORANA. DECORANA produces a multi-dimensional ordination by detrended 
correspondence analysis, which reduces problems associated with arch effects in the 
calculation of second and higher axes in correspondence analysis and with the scaling of axes 
(Hill 1979a). It provides both samples in species-space and species in sample-space 
ordinations that are related to the same axes. Three DECORANA analyses were used. The 
first included all samples, species and pseudospecies. In the second, woody pseudospecies 
were combined with parent species so that only species and samples were included. The third 
analysis omitted samples that were classified as one of the woodland/edge communities and 
focused on grassland vegetation. 
For each community sample the total woody basal area was calculated. The a species 
diversity was computed for each sample with the Shannon-Weiner Index (H'). Subsequent to 
the classification of community samples (i.e., identification of community types), several 
descriptive statistics of a species's importance within the various communities were 
calculated. These included: 
IV 
Xfv* 
(MF),y = mean frequency of species; in community type j = — 
ly 
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JV 
^ f i jk  
(RF)j, = relative frequency of species / in community type j = g /'"' (lOO) 
Z tevu 
/=1 k=\ 
Pir . . (CC),y = commumty constancy of species / in commumty type j = —(100) 
(RCA);, = relative community affinity 
. . . (MF)y.V(CC)/, , , 
of species / in community type j = -j (100) 
i:[(MF)/,-v(c^] 
7=i 
where: 
= frequency of species / in the Ath sample of community type j 
nj = number of community samples of community type J 
Sj = number of species in community type j 
t = number of community types 
Pj, = number of community samples of community type j where species / is present 
The mean frequency of a species in a conununity type is the average of all the 
frequency observations in the community samples that were classified as the community type. 
The relative frequency of a species in a community type expresses the sum of all frequency 
observations in all samples classified as the community type as a proportion of the total 
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frequency of all species that occurred among the samples classified as the community type. 
Relative fi-equency defines a species's importance among species within a community type. 
Within a given community type, community constancy expresses the percentage of 
community samples in which the species was present. Community constancy is used as a 
factor to weight the contribution that the mean frequency of a species makes to the measure 
of relative community affinity. Relative community affinity gives the percentage of a species's 
importance (combining mean frequency and constancy) in a community type relative to its 
total importance in all 245 community samples. In other words, relative community affinity is 
an expression of species's importance within a species among community types. Species with 
the highest relative frequency were considered dominant species and those with a relative 
community affinity greater than or equal to 55% were labeled indicator species. Both were 
used to identify important species within community types. 
Species distributions along the latitudinal gradient were assessed by first calculating 
the county importance (CI),m of species /' in county m. Because a species's abundance in a 
county depends on the communities sampled and the communities were not sampled equally 
among counties, the (CI)^ is based on the mean frequency per number of samples in which 
the species was present within a county, which is then weighted by its county constancy. The 
seven Loess Hill counties were divided into three regions- north, central, and south, and the 
regional importance of species / in region r (RJ),r was calculated as a weighted average with 
the number of samples made in a county. 
(CI)™ = k=l 
qim J nm 
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(RI),> = 
nr 
]^((CI)/m • nm) 
m=l 
nr 
y^.nwi 
m=l 
The relative latitude affinity for species / in region r (RLA),, was then calculated as: 
(RLA),>= (100) 
Z(RI)'> 
r=l 
where: 
fimt = frequency of species / in the Ath sample in county m 
q,m = number of community samples in county m where species / is present 
n„ = number of community samples in county m 
nr = number of counties in region r 
V = number of regions 
The relative latitude affinity expresses the percentage of total species importance 
(combining frequency and constancy) over all 245 community samples that occurred in one 
the three latitudinal regions. 
Data Analyses 
Analysis of variance and Tukey's multiple comparison test were used to test for 
differences among community types with respect to the following variables: slope angle, 
29 
thickness of soil A horizon, depth to CaCOs, total soil nitrogen, soil pH, species diversity, and 
total woody basal area. Bartlett's test for homogeneity of variances was used to assess the 
level of heteroscedasticity in the variables and, more importantly, the amount of decrease in 
heteroscedasticity after transformation. Logarithmic transformations were used for five 
variables for which significant heteroscedasticity was reduced by over 50%. For these 
variables (thickness of soil A horizon, depth to CaCOa, total soil nitrogen, soil pH, and total 
woody basal area), analysis was performed on the transformed variables and back 
transformation of results was done for reporting means and standard errors. 
Independence between the nominal variables (i.e., azimuth and 
topographic/geomorphic position) and communities was determined with goodness-of-fit tests 
using the log likelihood ratio chi-square (G^). It was chosen over the Pearson chi-square 
because it appeared to give a more conservative test, especially when sample size was small 
and many cells contained observed frequencies equal to zero. 
RESULTS AND DISCUSSION 
A total of 168 species was observed in 245 community samples. In the initial analysis 
there were also 27 shrub and tree pseudospecies for a total of 195 "species." However, the 
DECORANA ordination displaying the first two axes for the data with pseudospecies was 
quite similar to the ordination obtained when pseudospecies were combined with their parent 
species, indicating that in this case the use of structural woody pseudospecies did not enhance 
perception of variation in community composition. Therefore analyses were performed on 
species totals, ignoring woody pseudospecies. All 168 species were included in the 
classification and ordination of samples. Of these, 126 species were present in at least five 
community observations (i.e., five community samples) or had a total frequency (i.e., sum of 
presence indices) over all 245 samples of at least 15 (Table 3). Only these species are 
presented in the species ordination. 
Community Types 
The TWINSPAN classification identified 13 community types at the third and fourth 
levels of division (Fig. 3). The number of division levels was selected on the basis of the 
number of locations and sites within groups. An adequate number of divisions is required to 
distinguish groups of community samples with greater variation among samples than within 
samples, yet too many divisions results in groups that represent very localized habitats. The 
13 community types identified appear appropriate for the amount of landscape diversity and 
latitudinal range encompassed by the Loess Hills. White (1983) delineated 11 community 
types in prairie vegetation in Iowa and southeastern Nebraska. His study did not include 
ecotonal vegetation or sites with a distinct anthropogenic influence. Ugarte (1987) defined 
five communities associated with hill prairies in northeast Iowa. Unlike White, Ugarte 
included ecotonal habitats, notably those v/ith invading woody species, and anthropogenically-
infiuenced vegetation, particulariy overgrazed sites. Three broad groups are represented by 
the community types: 1) mid-grass types are dominated by mid-grasses such as little bluestem 
(Andropoeon scopariusl side-oats grama (Bouteloua curtipendula) or plains muhly 
Table 3. Species summary and community composition of Loess Hills vegetation. N = number of community observations out of 245; 
AF = average frequency (%) for community observations where the species was present. Relative Latitude Affinity (%) is given 
by region where S = southern two counties, C = central three counties, N = northern two counties. Within each community three 
importance values are given: the top line lists community constancy (%) and mean frequency in the community where Abundant = 
>35% Common = 21-35% Frequent = 10.5-21% Occasional = 3.5-10.5% Sparse = 1-3.5% Trace = < 1%; the bottom Ime lists 
the relative community affinity (%). Boldface entries indicate the community type(s) where the species had the highest importance 
values; 126 species are listed in order of frequency in community samples, from highest to lowest. 
Relative Community Types 
N Latitude Bluff Bluff Dry Tall/ TallG TallG Shrub Wood Red Dog/ Bur 
Species AF(%) Aflinity(%) Colluv MidG MidG MidG MidG TallG Exotic Edge Edge Edge CedW ElmW OakW 
S'C'N n=4 n=15 n=17 n=79 n=45 n=37 n=13 n=ll n=6 n=4 n=3 n"6 n"*5 
Bouteloua 225 29'30-42 lOOO 93-F 100*C lOOC lOOC 97-F lOO-F 73-S 67«S lOOO 33'8 - -
curtipendula 24.4 3.5 11.5 19.1 19J 17.8 11.7 9.8 1.8 1.5 3.6 0.4 
Andropogon 207 30'37*33 - 87'F lOG'A lOO'A lOO'A 89'F 920 18'T 33*8 750 33"T - -
scoparius 37.3 8.6 23.7 28.1 24.0 7.0 5.2 0.1 0.9 2.2 O.I 
Andropogon 182 37'35'28 — 53'F 24-S 75-F 93'F lOOC 100< lOOC 500 lOOO — — 20-T 
gerardii 23.3 5.5 0.3 8.9 11.5 23J 22.S 19.0 5.1 3.8 0.1 
Aster 168 31'32'37 25'T 20«T 53*0 84"0 84*F 84-0 690 64'S 33'T 25*T 33«T __ _ 
ericoides 9.7 0.3 0.4 6.4 15.5 24.6 23.8 20.7 6.2 1.0 0.6 0.5 
Sisyrinchium 132 30*35*35 - — 24'S TIO 91*0 54*8 69'8 - 17*T 25*T - -
campestre 6.2 3.6 22.0 47.2 10.3 13.9 1.7 0.8 
Dichanthelium 128 20-34M6 - - 24-T 47-S 60-8 840 lOfHi  55-T lOO-S 750 33-T - — 
oligosanthes 4.6 0.9 7.0 7.7 15.1 34.1 2.9 14.5 16.9 0.8 
Asclepias 116 34*55*11 40'S 18*T 54*0 600 620 77-0 18-T 50*8 
verticillata 8.7 4.2 1.7 23.2 18.8 16.6 27J 0.4 7.9 
Solldago US 21 •43*36 — 33*S 6SK) 61'S 71«0 32-S 31*8 18'T — 25"T - - -
missouriensis 5.5 11.2 32.8 18.4 24.2 4.5 5.9 1.1 1.8 
Amorpha 113 23-46'30 — 33-S I8*T 520 420 84"F 8'T lOO'F 33-T - - - -
canescens 13.3 2.0 0.6 15.2 8.2 36.5 0.2 36.0 1.3 
Muhtenbergia 111 32*45'23 100-C 87-F 47-S 42-S 67*S 46'8 23*T 27-T - - - - -
cuspidata 5.0 60.3 27.4 2.7 2.1 4.8 1.8 0.4 0.5 
Carex 110 4'38*58 _ _ _ 22'S lOOC 68*F 77-F 45*8 170 lOO'F 33*T 17-T 20'T 
heliophila 19.8 2.4 38.S 13.8 23.8 1.5 3.0 16.4 0.3 0.1 0.3 
Anemone 107 13*44-43 — — _ 29'T 91-F 49*S 770 64«0 I7'T 750 - 50-S 20-T 
cylindrica 7.3 1.2 43.0 5.8 20.6 11.2 0.8 12.9 3.3 1.1 
Table 3 continued 
R«lative Community Types 
N Latitude Bluff Blufif Dry Tall/ TallG TallG Shrub Wood Red Dog/ Bur 
Species AF(%) AfiBnity(%) Colluv MidG MidG MidG MidG TallG Exotic Edge Edge Edge CcdW ElmW OakW 
S-C-N n=4 n=15 n=17 n=79 n=45 n=37 n=13 n=ll n=6 n=4 n=3 n=5 
Lygodesmia 106 19«54*27 500 lOOO 100*F 560 440 I9-S - 9*T - - - -
juncea lO.g 13.5 12.5 49.4 14.7 8.1 1.8 0.1 
Aster 102 6*32-62 - 7*T 6*T 53*S 89H) 35'S 31«T 9'T — - - - -
sericeus 6.7 0.1 0.1 13.1 77.3 5.4 3.8 0.2 
Solidago 96 19-37-44 — 20'T 6-T 56-S 60-S 35'S 23'T 18-T 33-T — _ 17-T — 
rigida 5.1 3.1 0.6 36.5 31.1 20.4 2.7 1.7 2.8 1.0 
Ambrosia 94 40*26*34 25-T 470 71*0 32*S 29-5 38'S ICO-C 9*T 67'T 50*F 33-T — 20»T 
psilostachya 11.3 0.2 7.7 10.2 3.7 2.4 3.6 44.4 0.1 t.3 25.8 0.4 0.2 
Echinacea 87 6'50'43 — — - 56*S 6(« 43*S - — - - - - — 
angustifolia 4.6 38.3 41.2 20.5 
Poa 86 20«37«43 •• 7*T __ 9-T 690 35-0 100-A ss-c 17*T 100«C 33*S 100-F 600 
pratensis 19.7 0.03 0.2 7.4 2.5 30.1 16.0 0.3 28.7 1.0 10.8 2.9 
Comus 84 32'40'29 — 20'T — 14«T 20*T 680 46"S lOO'A 100«A 50C 100*A 100*A 
drummondii 30.0 0.1 0.03 0.1 2.6 0.2 22.1 27.9 5.7 20.6 20.7 
Dalea 80 41«37"22 _ 24'S 35*S fiOK) 43'S 8'T 27-T I7*T — — - -
purpurea 5.3 8.4 26.8 47.5 11.3 0.4 3.3 2.3 
Rhus 80 22'32"46 25-T 53-S 18'T 27*T 20*T 54-S 31-S 550 lOOK) 25-T - 17-T -
glabra 3.7 1.8 8.2 1.7 2.5 2.2 8.7 6.9 21.8 43.5 1.8 1.0 
Symphoricarpos 78 22*55"23 25'S — 6'T ll'T 13'T 65*0 100*0 73'F lOO'A 50*S 67-S 830 20'T 
species 12.2 1.1 0.1 0.3 0.3 8.4 8.7 12.4 55.4 I.I 2.4 9.2 0.5 
Solidago 78 10-52-38 13'T 24'T 42-S 78*0 ll'T __ 
nemoralis 7.6 0.5 3.1 17.9 77.9 0.6 
Dichanthelium 78 0'50'50 — 7'T 18*T 28'T 96*0 14*T 15*T — - 50-T - -
wilcoxianum 4.3 1.1 1.6 8.2 80.1 2.4 1.0 5.7 
Yucca 78 34"37*29 lOO-S 73-0 47'S 43*S 36-T 8-T 9*T — - - - - -
gtauca 3.0 27.1 43.3 10.4 13.3 4.3 0.9 0.4 
Comandra 75 4I*13*47 — 7'T 59K) 48-0 330 27'S 8*T - - - - - -
umbellata II.O 0.4 38.1 32.1 17.0 11.6 0.9 
Senecio 72 0«66*34 — — 24"T 28«T 87*0 II'T I5*T - I7'T - - - -
plattensis 4.8 4.6 7.7 84.8 0.9 1.0 1.1 
Table 3 continued 
Relative Community Types 
N Latitude Bluff Bluff Dry Tall/ TallG TallG Shrub Wood Red Dog/ Bur 
Species AF{%) AfBnity(%) Colluv MidG MidG MidG MidG TallG Exotic Edge Edge Edge CcdW ElmW OakW 
S'C'N n"M n-l5 n-l7 n=79 n=4S n=37 n=l3 n=U n=6 n=4 n=3 n=6 n=S 
Antennaria 67 8*76*16 - - 6*T 24*T 82*F 16*T 31*T - - - - - -
neglecta 8.4 0.4 3.6 92.0 0.8 3.2 
Sorghastrum 65 36'34'30 - 7-T 6*T 15*T 20*S 81 *F 8*T 82-0 17*T 25*S - - -
nutans 10.5 0.5 O.I 1.9 5.1 56.9 0.1 29.9 1.5 4.1 
Ulmus 57 13'47*40 _ — _ 11*T 18*T 24*T 31*S 91*F 83*0 100*0 — lOOC 400 
rubra 7.9 0.1 0.3 0.8 1.0 19.2 11.2 10.1 52J 4.9 
Rosa 55 31*50-19 50*0 20'S 6*T 8*T 29*T 49*S 15*T 73*0 33*T — — 
arkansana 5.2 42.6 6.4 1.1 0.4 2.1 12.9 1.7 31.0 2.0 
Hedyotis 52 55*45*0 — 47-S 35*S 25*T 27*S 14*T - 18*S - - - - -
nigricans 5.3 37.9 12.5 7.8 25.5 5.5 10.8 
Astragalus 52 19^1-20 13-T 65*S 34*T 24*T _ 8*T _ __ 
lotiflorus 2.3 2.7 75.2 14.8 6.5 0.8 
Viola 50 27'37'36 — 6*T 38*S 30*T 69*S 55*T — 50*T — 
pedatifida 3.7 0.8 23.5 9.6 46.5 12.8 6.8 
Physalis 47 10*44*46 - 6*T 5*T 11*T 62*S 46*S 36*S 17-T 50*S 33*T - -
virginiana 2.8 0.3 0.2 2.3 25.3 15.0 12.8 2.4 38.2 33.5 
Sporobolus 46 49*24*27 — — 12*T 16*T 7*T 46*S 31*0 27*S 50*S 25*T - — 
asper 5.3 1.0 4.0 0.6 32.0 33.6 8.2 18.6 2.0 
Verbena 44 17*49*34 — 2(hT 29*T 8*T 13*T 30*T 69-S 27*T 17*T - - — -
stricta 3.0 2.8 8.9 1.8 2.1 9.9 62.5 8.8 3.2 
Liatris 41 58*32*9 __ 6*T 32*S 31*T 3*T __ _ 
punctata 3.5 2.4 64.1 32.3 1.1 
Dalea 40 8*26*66 - 6*S 27*S 31*S 5*T 8*T 9*T - - - - -
Candida 6.1 14.4 40.0 38.0 0.6 4.7 2.4 
Viola 40 23*46*31 — — 5*T 22*T 14*T 54*S 9*T 83*0 lOOK) 67-S 17-S 2(hT 
pratincola 3.6 0.1 2.3 1.2 16.1 0.4 31J 35.6 8.6 3.8 0.7 
Helianthus 39 0*49*51 — 27*T 4I*S 18*S 2*T 30*S - 18*S - - - - -
rigidus 7.5 6.7 33.7 11.3 I.O 22.6 24.8 
Equisetum 39 32*52*16 - - - 11*T 47-S 8*T 38-T - - 25-T -
laevigatum 4.0 5.3 69.2 3.9 16.3 5.3 
Table 3 continued 
Relative Community Types 
N Latitude Bluff Bluff Dry Tall/ TallG TallG Shrub Wood Red Dog/ Bur 
Species AF(%) AfGnity(%) Colluv MidG MidG MidG MidG TallG Exotic Edge Edge Edge CedW ElmW OakW 
S'C'N n=4 n=15 n=17 n=79 n=45 n=37 n=I3 n=n n=6 n=4 n=3 n"=6 n=5 
Dales 38 10*19'71 - 7*T 47'S 27*S 18-T — - — — - - — 
etmeandra 4.8 0.5 72.5 18.7 8.3 
Euphorbia 38 25"47*28 50'T 27'T 29'T 9*T 7*T I4*T 62'T - 50-T 25-T - - -
marginata 1.4 15.5 7.6 15.4 2.0 1.0 2.6 23.9 15.5 16.5 
Junipenis 37 17-81*2 - 7«T - I3'S ll'S I4*T - 9*T - 75C lOO-A lOO-F 60-S 
virginiana 19.9 0.1 0.4 0.8 0.3 0.01 16.7 65.2 14.3 2.1 
Lithospermum 37 37*15*48 - - I2'T 22'T 33'T 3'T - - - 50*T - - -
incisum 2.3 16.2 16.3 28.1 0.6 38.7 
Gaura 33 0'86M4 — 7'T 41'S 25'S 4'T 8'T — — - — — -
coccinea 7.9 0,5 62.5 31.8 1.1 4.2 
Anemone 32 0'25'75 6«T 8'T 44-0 S'S I5"S 25*0 
patens 18.2 0.3 1.3 60.2 2.4 12.4 23.4 
Spofobolus 32 O-IOO-O lOO-S 40'S 47*0 I4*T 7-T — - - - - - -
cryptandrus 5.4 27.2 28.1 42.2 2.0 0.5 
Linum 32 10M8"4I — — I8'T 22'T 24*T 3*T - — - — - — 
rigidum 1.8 32.9 24.4 42.0 0.7 
Hedeoma 28 49-31*20 — - I2'T ll'T 24-T 5*T 23«T - - 25'T - - -
hispidum 1.8 4.5 5.7 24.6 1.4 49.7 14.0 
Erigcron 27 56*30-15 — - I2'T I9«T I3*T 3*T 8*T 9-T - - - 17-T -
strigosus 2.0 5.7 24.0 12.5 0.6 15.0 3.9 38.3 
Fraxinus 26 35'I9M6 25*S _ I'T _ 5-T 8-S 45'S 83-F 500 33*T 83-S 6(K) 
pennsylvanica 8.5 4.3 O.OI 0.1 1.3 6.1 35.7 21.4 0.7 8.9 21.4 
Aster 25 94*6-0 — - — 16'S — I4'T 23-8 27'T - - - 17-T -
oolentangiensis 5.5 24.0 7.7 49.9 14.8 3.5 
Penstemon 25 27'37'36 50*S 80*S 24'T 6'T - 5'T - - - - - - -
grandiflorus 2.5 30.2 61.1 7.3 0.8 0.5 
Carcx 24 5'62'32 — — — I'T 7'T — 15-T 18-T 33-S lOO-O 67-S 830 60-S 
blanda 5.6 O.I 0.2 0.8 2.1 9.2 42.4 12 323 5.8 
Koeteria 21 0*25*75 — — — — 36'S 5«T 8*T 9'T - 25'T - - -
pyramidata 7.5 83.4 2.9 6.8 1.2 5.7 
Table 3 continued 
Relative Community Types 
Species 
N 
AF(%) 
Latitude 
AflBnity(%) 
S-C*N 
Bluff 
Colluv 
n=4 
Bluff 
MidG 
n=15 
Dry 
MidG 
n=17 
MidG 
n=79 
Tall/ 
MidG 
n=45 
TallG 
n=37 
TallG 
Exotic 
n=13 
TallG 
Edge 
n=ll 
Shrub 
Edge 
n=6 
Wood 
Edge 
Red 
CedW 
n«3 
Dog/ 
ElmW 
n=6 
Bur 
OakW 
n=5 
Teucrium 
canadense 
20 
13.6 
50-50K) 
— — — 
3'T 
0.01 
— 
ll'S 
1.8 
23'0 
9.6 
27'T 
0.8 
67'C 
77.5 
25*S 
3.7 
— 50/S 
6.5 
— 
Linum 
sulcatum 
20 
1.5 
48*37"15 
- 7*T 
5.8 
6'T 
4.8 
9.T 
10.1 
18-T 
47.3 
3'T 
1.5 
15'T 
30.5 
— 
— — 
— -
-
Castings 
sessiliflora 
19 
4.4 
CM 00^ 
- -
12'T 
13.4 
ll'T 
24.8 
16'T 
59.6 
3'T 
2.2 
-
- -
- -
- -
Happlopappus 
spinulosus 
19 
2.6 
0*100^ 50*S 
62.3 
7'T 
1.0 
18'T 
17.4 
lO-T 
5.2 
9'T 
2.7 
— 
— — 
-
-
33*T 
11.3 
-
-
Psoralea 
esculents 
19 
1.7 
0'36*64 6-T 
13.8 
13-T 
50.1 
13*T 
23.6 
3'T 
2.2 
8'T 
10.3 
— — 
~~ 
Ceanothus 
herbaceus 
18 
11.6 
6'94'0 
-
-
- -
2'T 
0.1 
27'S 
17.4 
-
64'0 
82.5 
- -
-
- -
Calylophus 
semilatus 
16 
1.7 
38KX2 - 13«T 
50.5 
-
10*T 
18.4 
7'T 
11.9 
8'T 
19.2 
-
-
- - - - -
Solidago 
speciosa 
15 
3.8 
75* 17-8 
-
7*T 
3.1 
— 
9'T 
20.2 
2'T 
1.2 
8'T 
24.7 
— 27*T 
50.8 
— — 
— -
-
Celastrus 
scandens 
15 
2.8 
48*35M9 
- -
6*T 
0.7 
- — 
3'T 
0.2 
— 
9'T 
0.5 
33'T 
6.4 
25'T 
4.1 
67«S 
40.6 
67*S 
27.0 
60^ 
20.5 
Agalinis 
aspera 
15 
1.3 
30-31*39 
— 
— 
24-T 
68.0 
9-T 
16.2 
7'T 
13.7 
3'T 
2.1 
•*" — "" 
Stipa 
spartca 
14 
3.6 
0*86'14 
-
33*S 
82.3 
-
5'T 
2.4 
7'T 
3.5 
-
-
18'T 
11.8 
-
-
-
- -
Euphorbia 
glyptosperma 
14 
2.3 
3I*34'36 25-T 
11.7 
7*T 
3.2 
41-S 
78.0 
3'T 
0.4 
2'T 
0.9 
— 
15'T 
5.7 
— 
— — 
— — — 
Heuchera 
richardsonii 
12 
8.2 
O'lOOK) 
- - - -
9'T 
11.6 
5'T 
11.0 
15'T 
19.2 
36'S 
58.2 
~ ~ — — ~ 
Muhlenbergia 
racemosa 
12 
2.5 
26*59'15 25«S 
45.5 
- - - -
3'T 
0.3 
-
27'T 
11.0 
67-S 
31.6 
-
33-T 
6.4 
17-T 
2.3 
20-T 
3.0 
Fragaria 
vlrginiana 
11 
17.2 
0-100*0 
- -
-
- -
5'T 
0.7 
-
4S'F 
50.1 
- — 
-
67-0 
49.2 
-
Table 3 continued 
Relative Community Types 
Species 
N 
AF(%) 
Latitude 
Afiinity(%) 
S'C'N 
Bluff 
Colluv 
n=4 
Bluff 
MidG 
n»15 
Dry 
MidG 
n=17 
MidG 
n=79 
Tall/ 
MidG 
n=45 
TallG 
n=37 
TallG 
Exotic 
n=13 
TallG 
Edge 
n=ll 
Shrub 
Edge 
n=6 
Wood 
Edge 
n=4 
Red 
CedW 
n=3 
Dog/ 
ElmW 
n=6 
Bur 
OakW 
n=5 
Carex 
brevior 
11 
8.2 
60«23M6 
— 
7*T 
3.0 
— 
4'T 
3.3 
7*T 
1.2 
— 
31-0 
92.5 
— — — — 
— — 
Vitis 
species 
11 
3.1 
14'26'60 
-
- - — — 
5'T 
0.7 
— 
18-T 
4.3 
— 
25'S 
34.4 
33'S 
21.2 
50'S 
32.5 
40'T 
7.0 
Celtis 
occidentalis 
11 
2.4 
22M8'29 
- - - -
- - — -
33-T 
12.3 
- -
IOC'S 
68.0 
60'S 
19.7 
Oenothera 
biennis 
11 
1.9 
42M2*17 50*T 
39 
27-T 
4S.6 
6*T 
1.6 
1*T 
0.2 
2«T 
0.4 
— 
15'T 
13.3 
— — - -
Medicago 
lupulina 
10 
5.0 
74'20*5 
— 
1-T 
0.01 
54'S 
88.5 
— 
25'T 
4.4 
•• 17'T 
7.1 
— 
Melilotus 
species 
10 
5.0 
10-90^) 75-8 
64.6 
~ 24'S 
35.0 
1*T 
0.01 
2*T 
0.1 
3'T 
0.3 
- - - - - - -
Oxalis 
stricta 
10 
2.7 
38*62"0 
- -
6'T 
1.8 
- — — 
54'S 
81.8 
— — 
33'T 
I2.I 
17'T 
4.3 
-
Croton 
monanthogynus 
10 
2.6 
O'lOOK) 
-
27'T 
91.9 
-
5'T 
5.8 
2'T 
1.4 
3'T 
0.9 
-
— 
- - - - " 
Polygala 
verticillata 
10 
1.8 
65*35*0 
— 
13*T 
56.1 
— 
6'T 
26.9 
2*T 
2.5 
5'T 
14.5 
— — 
— 
— — — — 
Asclepias 
syriaca 
10 
1.5 
37'27«36 
— 
7*T 
1.6 
— 
I'T 
0.1 
— 
3'T 
0.4 
— 
27*T 
22.3 
17'T 
12.8 
50'T 
49.9 
— 
17'T 
12.8 
Smilax 
species 
10 
1.5 
28'29M2 
- - -
3'T 
0.2 
- - - - -
25'T 
6.5 
67'T 
28.2 
33'T 
24.9 
60*S 
40.2 
Quercus 
macrocarpa 
9 
17.8 
54*1"45 
— — — 
I'T 
0.01 
2*T 
0.01 
8'T 
1.0 
— — 
— — — 
— 
80C 
98.9 
Rubus 
species 
9 
8.8 
O-IOO^ 
— — 
— — 
— 
3'T 
0.1 
— 
9*T 
1.8 
33'0 
23.7 
25'T 
1.4 
— 
67'0 
73.0 
— 
Lactuca 
oblongifolia 
9 
8.2 
0'85*15 75'F 
97.2 
I3*T 
2.2 
— 
1*T 
0.1 
2'T 
0.01 
3'T 
0,01 
8'T 
0.4 
— 
— — — — — 
Oxytropis 
lambenii 
9 
6.8 
0-100-0 
- — 
6*S 
51.5 
3*T 
2.4 
I3'T 
46.1 
— — — — — — 
— 
— 
Table 3 continued 
Relative Community Types 
Species 
N 
AF(%) 
Latitude 
AfiBnity(%) 
S'C'N 
Bluff 
Colluv 
n=4 
Bluff 
MidG 
n=15 
Dry 
MidG 
n=I7 
MidG 
n=79 
Tall/ 
MidG 
n=45 
TallG 
n=37 
TallG 
Exotic 
n=13 
TallG 
Edge 
n=ll 
Shrub 
Edge 
n=6 
Wood 
Edge 
n=4 
Red 
CedW 
n^3 
Dog/ 
ElmW 
n=6 
Bur 
OakW 
n=5 
Monis 
alba 
9 
5.6 
ClOO^ 
— — — — — — — 
— 
17'T 
0.8 
25'T 
1.4 
67-S 
31.3 
83'0 
66.5 
— 
Solidago 
canadensis 
9 
4.7 
21'26'53 -
- -
!'T 
0.2 
— 
16'T 
49.6 
— 
-
17'T 
34.4 
- -
-
-
Ribes 
species 
9 
2.2 
0*57-43 
- - — 
- - 3'T 
0.1 
— -
- 25'T 
4.2 
-
ICQ'S 
89.6 
20*T 
6.0 
Boutcloua sp. 
cf. gracilis 
9 
1.8 
0*54»46 
— 
— 
— 
8'T 
50.3 
7'T 
49.7 
— — — — 
— 
— — — 
Salsola 
species 
8 
1.9 
0-56«44 2S-T 
56.1 
18*T 
38.8 
3*T 
0.9 
4'T 
4.2 
" 
Asclepias 
viridiflora 
8 
1.0 
0'37«63 
-
7'T 
32.9 
6*T 
27.3 
5-T 
21.8 
4'T 
17.9 
- -
- - -
- -
-
Setaria 
viridis 
7 
9.4 
0*100H) lOO'F 
98.7 
I3'T 
1.0 
6'T 
0.3 
-
— — 
- — - — -
-
Parthenocissus 
species 
7 
5.0 
39^1-0 
-
- — — 
— 
— — 
— 
— 
— 
33'S 
12.3 
5<M) 
57.9 
6(hS 
29.8 
Psoralea 
argophylla 
7 
3.4 
56M4'0 25*T 
40.9 
33*T 
42.0 
6«T 
17.1 
— — 
— — — — — — 
— — 
Pronus 
americana 
7 
2.9 
74*26*0 25'T 
242 
I'T 
0.6 
~~ ll'T 
22.4 
" " 
17'T 
52.8 
" " " " 
Euphorbia 
dentata 
7 
2.1 
0«I00< 75*S 
96.5 
- -
1*T 
0.1 
-
8'T 
3.4 
-
- -
- - - -
Microseris 
cuspidata 
7 
1.9 
0-100^ 
- — — 
5*T 
36.7 
7'T 
63.3 
— — — — — — — — 
Kuhnia 
eupatorioides 
7 
1.7 
86M4'0 
— 
— 12*T 
37.5 
3-T 
11.2 
— 
5'T 
11.7 
8'T 
39.6 
— — 
•• 
Lithospermum 
canescens 
7 
1.6 
28'72'0 
— 
— — 
1-T 
I.l 
— 
3'T 
2.3 
— 
4S'T 
96.5 
— 
— — 
Cirsium 
undulatum 
7 
1.1 
0'56M4 
- -
-
1-T 
2.4 
7'T 
39.4 
5'T 
21.6 
8'T 
36.6 
— 
-
- — 
- -
Table 3 continued 
Relative Conrniunity Types 
Species 
N 
AF(%) 
Latitude 
AfiBnity(%) 
S'C'N 
Bluff 
Colluv 
n=4 
Bluff 
MidG 
n«I5 
Dry 
MidG 
n»17 
MidG 
n-79 
Tall/ 
MidG 
n"45 
TallG 
n-37 
TallG 
Exotic 
n=13 
TallG 
Edge 
n=U 
Shrub 
Edge 
n=6 
Wood 
Edge 
n==4 
Red 
CcdW 
n=3 
Dog/ 
ElmW 
n"6 
Bur 
OakW 
n"5 
Viola 
soForia 
6 
31.0 
O-IOOH) 
— — — — — — — — 
17'S 
2.5 
— 
33'T 
0.8 
67C 
96.7 
— 
Acer 
negundo 
6 
5.7 
0-l00*0 
— ~ — — — - — -
67-0 
95.8 
— — 
33-T 
4.2 
-
Helianthus 
annuus 
6 
3.3 
O-IOOK) IOO«S 
94.9 
— 
!2*T 
5.1 
— — — — ~ - — — 
- -
Scutellaria 
parvula 
6 
1.8 
0«100H) 
- - -
-
7'T 
18.1 
3'T 
5.6 
15-T 
76.3 
- - - -
- -
Ostiya 
virginiana 
5 
16.0 
47*0»53 I*T 
0.01 
"" 80'F 
99.9 
Ulmus 
pumila 
5 
11.2 
O-IOOH) 
- - - -
2'T 
0.4 
3-T 
1.5 
8«T 
4.5 
- -
250 
52.7 
-
17'S 
41.0 
-
Eupatorium 
nigosum 
5 
7.2 
0M8'S2 
— 
— — 
— 
— 
— 
— 
— — — — 
67*0 
863 
20-8 
13.7 
Carex 
cephalophora 
5 
3.8 
O-IOOH) 25-T 
6.8 
— — 
— 
2*T 
0.4 
— 
15-T 
4.9 
— — 
25*S 
88.0 
— — 
— 
Sanicula 
canadensis 
5 
2.6 
0-100<» 
— 
— — - — — — 
18*T 
18.0 
— 
25*S 
46.4 
-
33-T 
35.7 
— 
Nepeta 
cataria 
5 
2.2 
54*I*4S 
— 
— — — — — — 
33-S 
58.8 
— 
50«T 
41.2 
Strophost>'les 
leiosperma 
5 
1.4 
89*11*0 
-
7-T 
19.5 
12'T 
68.7 
1*T 
1.6 
-
3'T 
10.1 
- - - - - - -
Astragalus 
missouriensis 
5 
1.2 
0^100 
— — — 
4'T 
51J 
4*T 
48.7 
— ~ — — — — — — 
Chenopodium 
(cf. album) 
5 
1.2 
31*60*0 50-T 
86.4 
~ 
6'T 
2.3 
I'T 
0.2 
— — — — — — — 
17'T 
ll.l 
— 
Lactuca 
(cf. serriola) 
5 
1.2 
72'28-0 
— 
7*T 
37.2 
— — 
4-T 
10.1 
— 
8-T 
23.1 
9*T 
29.6 
— 
— 
— — — 
Euphorbia 
falcata 
4 
9.3 
0*100-0 
- - -
3-T 
1.8 
-
— — — -
50-0 
98.2 
— - — 
Table 3 continued 
Relative Community Types 
N Latitude BlufT Bluff Dry TalU TallG TallG Shrub Wood Red Dog/ Bur 
Species AF(%) AfEnity(%) Colluv MidG MidG MidG MidG Ta!lG Exotic Edge Edge Edge CodW ElmW OakW 
S'C'N n=4 n=l5 n=I7 n=79 n=45 n=37 n=13 n=n n=6 n=4 n=3 n-5 
Lespedeza 4 lOO-O-O - - - M - - 23-S - - - - - -
capita ta 9.0 2.4 97.6 
Cercis 4 lOO-O-O — - - - - - - 27-S ~ - — - 20-T 
canadensis 5.3 76.1 23.9 
Ambrosia 4 94*6H) - — — - — 23'S - — — 33-T — — 
artemisiifolia 4.5 76.5 23.5 
Salix 4 OMOO-0 _ — — 2*T 3-T 18-S ~ — — — — 
humilis 3.8 0.7 1.9 97.4 
Plantago 3 lOO-OK) - — - - - - 23*S - - - -
virginica 14.7 100 
Euphobia 3 100^ __ 6*T 3*T — __ __ 
corollata 13.7 69.6 30.4 
Bromus 2 OMOO^ — — - — — 15K> - - - - — 
inennis 41.5 100 
Calamovilfa 2 37*63«0 - 7^T 6-T - - — - - - - -
longifolia 9.5 30.1 69.9 
Juglans 1 0*100*0 - — — — — — - - - 25*0 - - -
nigra 27.0 100 
40 
n=245 
Bocu 3 Codr 3, Frpc 1 
Cabl 1, Ulru 1 Ansc 
Sica 1, Ange2 
\ Cahe 1, Ancy 1 
\ Aser 2, Asse 1 
\j)iol 1. Ecan 1 
Juvi 1 
S. Ceoc 1 
\^Par 1 
\Cesc 1 
Angc 2, Bocu 1 
Diol 1, Amca 1 / 
Rhgl 1. Sonu Y 
Roar 1/ 
Lyju I 
Spcr1/ 
n=174 
n=210 
n=21 
n=35 
n=36 n=14 
Hcan : 1 Ansc 1 
Bluff 
Colluvium 
As b 1 
Coum 1 
Ansc 4 
Bocu 4 
Daen 1 
Aser 1 
Pegr 1 
Mucu 3 
Rhgl 1 
Angc 3 
Bluff Dry 
Mid-grass Mid-grass 
Ansc 4 
Bocu 4 
Sone 1, 
Lyju 2 
Diwi 1 
Codr 1 
Phvi 1 
Codr 1 
Sonu 1 
Amca 2 
Do 
n=124 
Tailgrass 
Edge 
Eastern 
Red Cedar 
Woodland Ancy 2 
Cahe 1 
DIWI 1 
Anne 1 
Amps 1 
Melu 1 
Asse 2 Oxst 1 
Euma 1 Amca 1 
Sonu 1 
Ecan 1 
Codr 2 
Sone 1 
Sica 2 Cahe 3 
Vest 1 Moal 1 
Tall/Mid Tailgrass Tailgrass Shrub Woodland 
Grass Exotic Edge Edge 
Osvi 1 
Quma 1 
DogfvooU Bur 
Elm Oak 
Woodland Woodland 
Figure 3. Dendrogram produced by the TWINSPAN classification. Boxes indicate groups 
produced at each division level, with n = number of samples in each group. Boxes 
with heavy lines indicate groups designated as community types. Species listed 
along the branches are TWINSPAN pseudospecies (species importance levels) 
that were identified as indicators. Species codes are given in Appendix C. 
(Muhlenberpia cuspidata\ 2) tallgrass types are dominated by the native tallgrass species big 
bluestem ("Andropoeon eerardiil and Indiangrass (Sorehastrum nutans), and 3) 
woodland/edge types are dominated by native woody species. 
In the Loess Hills, the woodland/edge communities display more variation and 
dissimilarity in species composition than the grassland communities (Fig. 4). In fact, the 
length of axis two is defined by variation in woodland/edge composition. Three grassland 
communities, the dry mid-grass, mid-grass and tall/mid grasslands, form a core of community 
types with similar composition. Most of the variation in grassland vegetation arises from 
changes in composition associated with the bluff communities and tallgrass communities that 
grade into ecotonal communities. A high correlation of DC A axis one with the total woody 
basal area of community samples (Fig. 5) clearly indicates that variation along DCA axis one 
is related to factors affecting the amount of woody vegetation. This relationship, together 
with the pattern of dry mid-grass (low DCA axis one scores) grading to tallgrass (medium 
DCA axis one scores), and tallgrass grading to woody communities (slightly higher DCA axis 
one scores. Fig. 4), suggests that soil moisture is the major environmental factor associated 
with most of the variation in community composition. Soil moisture has been indicated as the 
primary influence on the compositional gradient of grassland communities in many studies, 
including work in Iowa (White and Glenn-Lewin 1984), Wisconsin (Umbanhowar 1992), 
Alberta (Coxson and Looney 1986), Illinois (Nelson and Anderson 1983), Ontario (Faber-
Langendoen and Maycock 1987), and Nebraska (Barnes and Harrison 1982). 
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Mid-grass Group 
BC - Bluff Colluvium 
B - Bluff l\^id-grass 
X - Dry Mid-grass 
M - Mid-grass 
Woodland/Edge Group 
S - Shrub Edge 
W - Woodland Edge 
J - Red Cedar Woodland 
DE - Dogwood/Elm Woodland 
B - Bur Oak Woodland 
Tallorass Group 
0 - Tall/Mld-grass 
T -Tallgrass 
Tz - Tallgrass Exotic 
TE - Tallgrass Edge 
DE 
Woodland/Edge Group 
T-
Ir TZ 
DE 
DE 
Mid-grass and Tallgrass Groups 
B 
DE 
DE 
DE 
DCA axis one 
Figure 4. DECORANA ordination of all community samples, which are identified by 
community types as determined by the TWINSPAN classification. 
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Total Woody Basal Area fm'/ha~ 
1 - none 6 - 6.4 to 11.2 
2 - 0 . 0 1  t o  0 . 7  7 - 1 1 . 2  t o  2 0 . 1  
3 - 0 . 7  t o  1 . 7  8 - 2 0 . 1  t o  3 2 . 1  
4 - 1 . 7  t o  3 . 5  9 -  > 3 2 . 1  
5 - 3 . 5  t o  6 . 4  
Correlation: 
axis 1: r = 0.79; p > I r| = 0.0001 
axis 2: none 
1 1 ^ ^ 2 ^ ^ 32; 
^ ji ii 
8 8 
Red Cedar 
Woodland 
Woodland Edge 
(with some \ Dogwood/Elm 
Tallgrass) \ and Bur Oak 
Woodland 
% 
5 6 
Shrub Edge s 
(with some 
Tallgrass Edge) 
DCA axis one 
Figure 5. DECORANA ordination of all community samples, which are identified by 
their amount of total woody basal area. 
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Higher dissimilarity within the woodland/edge communities relative to the grassland 
communities is likely associated with their more recent formation. According to many early 
travelers in the Loess Hills (e.g., Bell (1820), Brackenridge (1816)) grassland communities 
dominated the vegetation of the Loess Hills prior to Euro-American settlement. Habitats now 
occupied by woodland/edge communities were most likely a mesic tallgrass community prior 
to woody succession. Their greater amount of variation in species composition suggests that 
they represent divergent successional communities that often result from the dynamic 
processes that are inherent in succession. Differences in initial composition, past history, 
proportion of autogenic and allogenic mechanisms, colonization pool, and disturbance regime 
can lead to multiple successional pathways (Glenn-Lewin et al. 1992). 
A species list that enumerates community composition is presented in Table 3, where 
for each species present in a community type its community constancy, mean frequency in the 
community, and its relative community affinity are tabulated. The species are listed in order 
from highest to lowest occurrence among the 245 community samples. The community types 
are arranged in the order produced by the TWINSPAN classification and thus represent the 
primary compositional gradient. Side-oats grama and little bluestem were the most commonly 
encountered species, indicating the predominance of mid-grass vegetation in the extant 
grasslands in the Loess Hills. They were followed by big bluestem, heath aster (Aster 
ericoides). and blue-eyed grass. The next five most commonly encountered species included 
Scribner dichanthelium (Dichanthelium oHgosanthes), whorled milkweed CAsclepias 
verticillata'). Missouri goldenrod (SoHdago missouriensisV leadplant (Amorpha canescens), 
and plains muhly. 
Comparisons of the different importance values obtained for measurements of 
herbaceous species based on biomass and presence (Table 4) clearly show that biomass 
measurements result in a few highly important species and many with very low importance 
(i.e., a skewed distribution), while presence measurements result in a more normal distribution 
of species scores. For example, in the mid-grass community the numbers of species that fall 
into relative percent biomass categories of greater than 10%, between 10% and 1%, and less 
than 1 % are 2, 4, and 16, respectively. The same subsamples measured with relative 
frequency of presence result in a distribution of 3, 10, and 9. Biomass measurements (and 
aerial cover measurements, which tend to reflect biomass) tend to decrease the resolution of 
community samples because many more of the variables (i.e., species) are compressed into a 
very small range (i.e., are close to zero) and therefore do not contribute as much information 
as perhaps they should. If the goal is to characterize communities by their composition, then 
the importance of species should be measured by their ability to put individuals, not biomass, 
into the habitat sampled. For herbaceous species, frequency of presence is a better measure of 
a species ability to put individuals into a habitat. On the other hand, if the objective is to 
characterize a species's impact on community resources or its role in community function, 
then biomass (or in lieu of biomass, aerial cover) measurements may be more important. 
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Table 4. Absolute biomass (in ten 0.25 m^ quadrats) and absolute frequency (in 40 0.0625 
m^ quadrats) for the same sample area in each of four representative grassland 
communities in the Loess Hills. The corresponding per cent relative biomass and 
per cent relative frequency are given in italics on the second line for each species. 
Tallgrass 
Community 
Tall/Mid-Grass 
Community 
Mid-Grass 
Community 
Dry Mid-Grass 
Community 
Species Bio. 
(gm"') 
Freq. 
(%) 
Bio. 
(g m') 
Freq. 
(%) 
Bio. 
(Bin') 
Freq. 
(%) 
Bio. 
(g m') 
Freq. 
(%) 
ORAMINOIDS 
Andropogon 
gerardii 
172.6 
27.2 
38 
16.4 
285.3 
69.3 
38 
16.6 
0.2 
0.1 
1 
0.5 
46.7 
25.6 
6 
3.8 
Andropogon 
scoparius 
0.2 
0.04 
2 
0.9 
13.9 
3.4 
25 
10.9 
115.4 
59.3 
57 
29.5 
86.8 
47.5 
48 
30.8 
Bouteloua 
curtipendula 
5.1 
0.8 
8 
3.4 
10.3 
2.5 
34 
14.8 
16.5 
8.5 
39 
20.2 
12.0 
6.6 
27 
17.3 
Bouteloua sp. 
(cf. gracilis) 
-
-
-
- 0.1 
0.1 
1 
0.5 
~ -
Carex 
heliophila 
0.9 
O.I 
10 
4.3 
4.6 
1.1 
26 
11.4 
0.5 
0.3 
6 
3.1 
~ -
Dichanthelium 
oligosanthcs 
0.2 
0.03 
6 
2.6 
- - - -
0.3 
0.2 
7 
4.5 
Muhlcnbcrgia 
cuspidata 
0.5 
O.I 
1 
0.4 
0.5 
0.1 
1 
0.4 
0.4 
0.2 
1 
0.5 
20.4 
11.2 
5 
3.2 
Poa 
pratensis 
11.3 
1.8 
22 
9.5 
- -
0.04 
0.02 
1 
0.5 
-
-
Sporobolus 
cryptandrus 
— — 
— 
— 
— — 
0.4 
0.2 
5 
3.2 
SHRUBS 
Amorpha 
canescens 
2T.2 
4.3 
14 
6.0 
61.1 
14.9 
19 
8.3 
33.0 
169 
7 
3.6 
-
-
Ceanothus 
herbaceus 
232.5 
36.6 
38 
16.4 
-
- - - - -
Comus 
drummondii 
117.7 
18.5 
20 
8.6 
-- -
-
-
- -
Rosa 
arkansana 
43.4 
6.8 
15 
6.5 
-
- - - - -
Symphoricarpos 
sp. 
- -
5.0 
1.2 
4 
1.7 
- -
0.5 
0.3 
1 
0.6 
FORBS 
Ambrosia 
psilostachya 
-
- 1.0 
0.2 
2 
0.9 
1.0 
0.5 
4 
2.1 
-
-
Anemone 
cylindrica 
0.2 
0.03 
4 
1.7 
0.8 
0.2 
7 
3.1 
1.0 
0.5 
4 
2.1 
- -
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Table 4 continued 
Tallgrass Tall/Mid-Grass Mid-Grass Dry Mid-Grass 
Community Community Community Community 
SPP Bio. Freq. Bfo. Freq. Bio. Freq. Bio. Freq. 
(gm') (%) (gm') (%) (gm') (%) (gm"') (%) 
Anemone - - 7.7 18 0.1 2 - — 
patens 1.9 7.9 0.04 ].0 
Antennaria _ _ _ _ _ _ 0.2 4 
negiecta O.I 2.6 
Aster 0.9 5 6.8 5 0.7 3 3.1 10 
ericoides 0.1 2.2 1.6 2.2 0.4 1.6 1.7 6.4 
Aster - - 2.1 10 3.6 10 0.2 2 
sericeus 0.5 4.4 1.9 5.2 0.1 1.3 
Asclepias - - - - - - 0.13 
verticillata 0.02 1.9 
Castilleja _ _ _ _ _ _ 2.4 2 
sessiliflora 1.3 1.3 
Chenopodium 0.002 1 - - _ _ _ _ 
album 0.0004 0.4 
Comandra 0.1 1 8.0 17 15.4 38 0.6 2 
umbellata 0.02 0.4 1.9 7.4 7.9 19.7 0.3 1.3 
Dalea - - — — 0.2 3 _ _ 
enneandra O.I 1.6 
Echinacea — - — — 0.6 1 — — 
angustifolia 0.3, 0.5 
Equisetmn - - 0.2 2 _ _ _ _ 
laevigatum O.I 0.9 
Euphorbia - - - - - - 0.01 1 
glyptosperma 0.005 0.6 
Fragaria 9.3 26 — - - - _ _ 
virginiana 1.5 11.2 
Gaura _ _ _ _ _ _ 0.9 9 
coccinea 0.5 5.8 
Helianthus 11.7 9 - - 5.3 8 -
rigidus 1.8 3.9 2.7 4.1 
Hcuchera 0.3 1 — - - - - — 
richardsonii 0.05 0.4 
Hedyotis _ _ _ _ _ _ 0.02 1 
nigricans 0.01 0.6 
Linum 0.01 1 - - _ _ _ _ 
sulcatum 0.001 0.4 
Lithospermum _ _ _ _ _ _ o.Ol 1 
incisum 0.005 0.6 
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Table 4 continued 
Tallgrass Tall/Mid-Grass Mid-Grass Dry Mid-Grass 
Community Community Community Community 
SPP Bio. Freq. Bio. Freq. Bio. Freq. Bio. Freq. 
(am-') (%) (gm-') (%) (gm"') (%) (gm"') (%) 
Lygodesmia - - - - 0.5 3 2.8 12 
juncea 0.3 1.6 1.5 7.7 
Physalis 1.2 8 - - - — - -
virginiana 0.2 3.4 
Senecio — — 0.1 1 0.04 1 0.1 2 
plattensis 0.03 0.4 0.02 O.S 0.1 1.3 
Sisyrinchium - - 1.1 11 0.1 1 — — 
campestre 0.3 4.8 0.02 O.S 
Solidago — - 0.4 5 0.03 1 0.9 4 
missouriensis 0.1 2.2 0.02 0.5 0.5 2.(5 
Solidago - - — — — — 0.02 1 
nemoralis 0.01 0.6 
Solidago — — 2.4 1 0.1 1 — — 
rigida 0.6 0.4 0.03 0.5 
Verbena 0.004 1 0.01 2 __ 0.3 1 
stricta 0.001 0.4 0.002 0.9 0.1 0.6 
Viola 0.005 1 0.1 1 _ _ __ _ 
pedatiflda 0.001 0.4 0.02 0.4 
Yucca — — — — — — 3.8 2 
glauca 2.1 1.3 
TOTAL 635.1 4H.4 194.7 182.5 
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Community Descriptions 
Mid-grass Group 
There were four mid-grass communities that collectively accounted for 47% of all 
community samples (Table 5). Three of these, the bluff colluvium, bluff mid-grass and dry 
mid-grass communities showed a significant positive association with the western bluffline. 
The geographical distribution of the two bluff types was restricted to locations and sites 
located on the bluffline (in the three counties where the bluffline was sampled, Table 5). The 
dry mid-grass was more widespread, occurring in four of the five counties sampled and at 
several locations and sites (Table 5) off the bluffline. While all of the samples comprising the 
two bluff communities were on the bluffline, not all samples from the bluffline were classified 
as one of the two bluff communities. Many of the samples were classified as dry mid-grass, a 
few samples were classified as mid-grass, and one sample located near the bottom of the 
bluffline was classified as tallgrass. 
The bluff colluvium, bluff mid-grass, and dry mid-grass community types had the 
highest slope angle (which may account for some of their dry character), with the two bluff 
communities significantly greater than all other communities (Fig. 6). The primary physical 
difference between the two bluff communities was distance from the ridge line. The bluff 
colluvium community is significantly lower on the bluff than the bluff mid-grass (mean 
distance from top for bluff colluvium = 25.0 m, for bluff mid-grass = 9.3 m; t= 3.86; t(a=o.o5, 
df=17) = 2.11). 
Table 5. Comparison of mid-grass community types. Geographical distribution lists the number of locations and'sites for each county 
where the community type occurred. For azimuth and topographic position (see Table 2 for position codcs) the test statistic 
0^ is given, along with the categories that contributed most to {+ indicates positive associations; - indicates negative 
associations). The azimuth sector with the highest frequency is labeled to indicate the scale. 
Community Geographical 
Type Distribution 
(no. of county: L-locations 
samples) S-sites 
Azimulli 
Distribution 
(% frequency) 
Topographic 
Position 
Distribution 
(% frequency) 
IMPORTANT SPECIES 
Distance 
off Ridge 
(m) 
Dominant Species 
(% relative frequency S 3.0%) 
Indicator Species 
{% relative community 
afllnity S 55%) 
bluff Ply: -
colluvium Mon; 1 L, 2 S 
(4) Pot; -
Mil:-
Fre: — 
prob > G' = 0.054 
W(+) N 
W« 
100% 
prob >"g^ = 0.012 • 
W(+) N 
prob > G' = 0.014 
BS(+) 
R;- BR:- mean 
RS:- BRS:- 25 
S;- BS;100 
TS:-
VS:-
V:-
range 
15 to 35 
prob > G'  = 0.0001 
rs(+) S(-) 
R:- BR: 13 mean 
RS:- BRS:7 9.3 
S:- BS: 80 
TS:-
VS:-
V:-
range 
Olo 25 
prob > G' = 0.0001 
BRS(+) BS(+) 
R:- BR: 6 mean 
RS;18 BRS;18 13.1 
S: 29 BS:29 
' 
V 
V range 
Oto 30 
prob > G ' = 0.0001 
R{+) BS(-) 
R: 14 BR: 1 mean 
RS:8 BRS: - 14.2 
S: 58 BS:2 
TS;9 
VS: 8 
V: -
range 
Olo 80 
Muhlenbergia cuspidata 24.0 
Setariaviridis 14.3 
Lactuca oblongifolia 12.5 
Rosa arkansana 8.8 
Lygodcsmia juncca 6.S 
Bouteloua curtipendula S.S 
Helianlhus annuus 3.0 
Setariaviridis 98.7 
Lactuca oblongifolia 97.2 
Euphorbia dentata 96.5 
Helianthus annuus 94.9 
Chenopodium sp. 86.4 
Melilotus sp. 64.6 
Haplopappus spinulosus 62.3 
Muhlenlxrgia cuspidata 60.3 
Sajwlasp. 56.1 
bluff Ply: -
mid-grass Mon; 1 L, 2 S 
(15) Pot: 1 L, 1 S 
Mil:-
Fre: 1 L. 2 S 
Bouteloua curtipendula 18.6 
Andropogon scoparius 16.7 
Muhlenbergia cuspidata 11.5 
Andropogon gerardii 10.9 
Ambrosia psilostachya 5.7 
Lygodesmiajuncea 4.2 
Yucca glauca 3.7 
Croton monanthogynus 91.9 
Stipaspartea 82.3 
Penstemon grandiflonis 61.1 
Polygala vcrticillata 56.1 
prob >G' = 0.001 
SW(+) N 
diy Ply: 1 L. 1 S 
mid-grass Mon: 1 L, 3 S 
(17) Pol:lL.2S 
Mil:-
Fre: 1 L. 1 5 
41% * ^ 
Andropogon scoparius 27.8 
Bouteloua curtipendula 19.4 
Lygodesmiajuncea 10.8 
Ambrosia psilostachya 4.0 
Comandra umbellata 3.9 
Solidago missouriensis 3.6 
Euphorbia glyptospcrma 78.0 
Astragalus lotifloms 75.2 
Oalea enneandra 72.5 
Calamovilfa longifolia- 69.9 
Euphorbia corollata 69.6 
Strophostyles leiosperma 68.7 
Agalinis aspera 68.0 
Gaura coccinea - 62.5 
mid-grass Ply: 2 L, 4 S 
(79) Mon: 3 L. 8 S 
Pot: -
Mil: 1 L, 3 .S 
Fre: 2 L, 4 S 
prob >G' = 0.0001 
S{+) N 
S -41% 
Andropogon scoparius 27.1 
Bouteloua curtipendula 16.0 
Andropogon gerardii - 7.9 
Amorpha canescens 4.0 
Aster ericoides 3.5 
Lygodesmiajuncea 3.5 
Asclepias verticillata 3.3 
Comandra umbellata 3.0 
Liatris punctata 64.1 
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Figure 6. Comparison of the mean slope angle (steepness) among community types. Community types with the same letter 
have means that are not significantly different. Error bars indicate one SEM. The midrange is the average of the 
maximum and minimum observation. 
The bluff colluvium community is associated with the natural process of colluvium 
deposition from loess slumpage off the very steep slopes on the bluffline. Loess becomes 
unstable under saturated conditions, and such slumping is frequently observed. This natural 
colluvium disturbance has likely been occurring since formation of the Loess Hills, and native, 
ruderal plant species have likely been characteristic of its composition. However, because of 
the ruderal nature of most introduced species the colluvium disturbance is also suitable habitat 
for them (e.g., Salsola. Setaria. Melilotus). and their presence enhances the distinctiveness of 
the bluff colluvium type relative to the other grassland communities. 
In the bluff colluvium community, 50% of the important species (i.e., either dominant 
or indicator species) were annuals or biennials, while only 17% of the important species in the 
upper bluff community were annuals or biennials (Table 5). The presence of annuals and 
biennials as important species was also characteristic of the dry mid-grass community. The 
annual and biennial presence in these three communities is an important unifying trait and 
suggests that availability of open ground, likely because of the high slope angle, is an 
important feature. Only two other communities (the tallgrass exotic and woodland edge) 
contained important species that are annuals. There was a trend for slightly more woody basal 
area in the bluff colluvium type than in the bluff mid-grass, most likely due to its lower 
position on the blufFline placing it in closer proximity to encroaching woody species. 
For the purpose of classification on a larger scale (e.g., all of Iowa), the bluff mid-
grass and dry mid-grass could be united into one community at one level higher in the 
classification (Fig. 3). However, on the local scale (i.e., the Loess Hills) there appears to be 
enough difference to warrant their separation. The upper bluff was confined to the western 
bluffline, while the dry mid-grass occurred on the bluffline or on other exposed habitats, 
primarily steep southwest-facing slopes and spur ridges. The dry mid-grass samples that did 
occur on the bluffline appear to occupy the less steep portions, since their mean slope angle 
(35.3°) was less than the bluff mid-grass samples (41.2°). Both were strongly dominated by 
mid-grasses, but the bluff mid-grass had much more side-oats grama and plains muhly than 
little bluestem while the reverse was true for the dry mid-grass. Plains muhly was among the 
dominant species in both of the bluff communities, but was not an important species in either 
of the other communities in the mid-grass group. The high presence of side-oats grama and 
plains muhly on both of the bluff communities leads to speculation that these species are more 
suited to these very steep and fairly unstable slopes than little bluestem. Both bluff mid-grass 
and dry mid-grass communities had important species that are annuals, but in the bluff mid-
grass these were more often one-seeded croton (Croton monanthoevnus^ and whorled 
milkwort (Polvgala verticillataV whereas in the dry mid-grass they were more often ridge-
seeded spurge rEuphorbia plvptospermaV slick-seed bean (Strophostvles leiosperma"). and 
rough agalinis (Aealinis asperaV 
Compositionally, the dry mid-grass and bluff mid-grass communities had the highest 
resemblance to Great Plains mid-grassland. In the dry mid-grass community, five of the 14 
important species have a high affinity for the Great Plains, including skeleton plant 
(Lyeodesmia junceaV lotus milkvetch (Astragalus lotiflorusV big top prairie clover (Dalea 
enneandra"). prairie sandreed fCalamovilfa loneifolia). and scarlet gaura (Gaura coccmea). 
(Novacek et al. 1985). Of the 12 important species in the bluff mid-grass community, three 
have a strong affmity for the Great Plains: soapweed (Yucca gjauca), large-flowered 
beardtongue (Penstemon grandiflorus). and skeleton plant (Novacek et al. 1985). Yucca was 
more prevalent in the bluff mid-grass community, while big top prairie clover was more 
conunon in the dry mid-grass community. The dry mid-grass community was the only 
community without shrub or tree-size woody vegetation. 
The mid-grass community, like the dry mid-grass, was widespread, occurring in four 
of the five counties sampled and at several locations and sites (Table 5). The mean slope of 
the mid-grass community was significantly lower than those of the other communities in the 
mid-grass group, but not significantly different from nearly all the other community types 
identified (the exception was with the tallgrass exotic type, Fig. 6). Thus, unlike the other 
mid-grass types, the dry character of the mid-grass community must be attributable to factors 
other than slope steepness. There was a positive association between the mid-grass 
community and ridge positions (Table 5), which represents habitats with the highest relative 
elevation. 
There was also a positive association between the mid-grass type and south-facing 
habitats, although it also occurred on all other aspects. In fact, all four mid-grass communities 
were significantly associated with south, southwest, or west aspects (Table 5). The bluff 
colluvium and bluff mid-grass community types were positively associated with west-facing 
habitats, which is the primary direction the bluffline faces. The dry mid-grass type was 
positively associated with south-west facing habitats. This pattern suggests that the drier 
nature of the dry mid-grass compared to the mid-grass type is related to the dry mid-grass 
occupying steeper habitats with a southwest orientation while mid-grass tends to occupy 
ridgelines and adjacent south-facing slopes with only moderate steepness. 
The mid-grass community was the most frequently observed, accounting for slightly 
over 35% of all the community samples occurring in native grassland. Compared to the other 
mid-grass types, the mid-grass community had the fewest indicator species; only dotted 
blazingstar (Liatris punctata) qualified as an indicator species (Table 5). 
Collectively, the mid-grass group had the smallest thickness of the soil A horizon (1.5 
to 13.0 cm. Fig 7), the shallowest depth to CaCOa (0.2 to 2.2 cm. Fig. 8), the lowest total soil 
nitrogen (0.45 to 0.68 mg N/g soil. Fig. 9) and the highest soil pH (7.23 to 7.39, Fig. 10). 
The shallow A horizon and the shallow depth to CaCOa imply that minimal soil development 
has occurred in these communities and that they are most likely associated with Hamburg and 
Ida soils, which are Entisols. The species diversity (H') in the mid-grass group ranged from 
1.98 to 2.20, with no significant difference detected among the four types (Fig. 11). In 
general the mid-grass group was less diverse than the tallgrass group (significantly less than 
three of the four tallgrass types) and slightly more diverse than the woodland/edge group 
(significantly higher than two of the five woodland/edge types). For the most part, woody 
vegetation was nonexistent in the four mid-grass types (Fig. 12). 
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Figure 7. Comparison of the back transformed means for thickness of the soil A horizon among community types. The 
transform used was: [Iogio(A horizon depth + 1)]. Community types with the same letter have means that are not 
significantly different. Error bars indicate one SEM. The midrange is the average of the maximum and minimum 
observation. 
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Figure 8. Comparison of the back transformed means for depth to the presence of CaCOs among community types. The 
transform used was; [Iogio(depth to CaCOs +1)]. Community types with the same letter have means that are not 
significantly different. Error bars indicate one SEM. The midrange is the average of the maximum and minimum 
observation. 
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Figure 9. Comparison of the back transformed means for total soil nitrogen among community types. The transform used 
was' rioeio(total nitrogen x 10)]. Community types with the same letter have means that are not signiticantly 
different Error bars indicate one SEM. The midrange is the average of the maximum and mimmum observation. 
7.50 
X Q. 
O 
in 
c 
03 
0 
7.25 — 
7.00 
Midrange = 7.14 
7.50 
7.25 
7.00 VO 
Bluff Bluff 
Colluv MIdG 
n=4 n=15 
I i I I I I r 
MidG Tall/ TallG TallG TallG Shrub Wood Red Dog/ Bur 
MIdG EX Edge Edge Edge CedWEImWOakW 
n=79 n=45 ii=37 n=13 n=11 n=6 n=4 n=3 n=6 n=5 
Community Types 
Figure 10. Comparison of the back transformed means for soil pH among community types. The transform used was: 
[logio(soil pH)]. Community types with the same letter have means that are not significantly different. Error bars 
indicate one SEM. The midrange is the average of the maximum and minimum observation. 
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Figure 11. Comparison of the mean species diversity (Shannon-Weiner) among community types. Community types with the 
same letter have means that are not significantly different. Error bars indicate one SEM. The midrange is the 
average of the maximum and minimum observation. 
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Figure 12. Comparison of the back transformed means for total woody basal area among community types. The transform 
used was: [logio(total woody BA + 1)]. The shaded portion represents the amount attributable to shrub-size 
individuals (1 to 2 m tall). Community types with the same letter have means that ^e not significantly different. 
Error bars indicate one SEM. The midrange is the average of the maximum and minimum observation. 
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Tallgrass Group 
In three of the four tallgrass types (tallgrass, tallgrass exotic, and tallgrass edge), big 
bluestem and Indiangrass had a higher per cent relative frequency (i.e., dominance) than the 
mid-grass species little bluestem and side-oats grama (Table 6). How^ever, in the tall/mid 
grassland community, the mid-grasses had a higher per cent relative frequency than the 
taligrasses (Tables 6 and 4), but the tallgrasses had a higher per cent relative biomass (Table 
4), Thus the tall/mid grassland appears to be a more or less even mixture of tall and mid-
height grasses, with the tallgrass component predominating on the basis of biomass and mid-
grasses predominating on the basis of frequency of "individuals." 
The tall/mid grassland community, which was the second most frequent grassland 
community type, was the only grassland community that displayed a relationship with latitude. 
It occurred at five locations on 11 different sites, but all of these were located in the northern 
one-third of the Loess Hills landscape. This apparent latitudinal influence was manifested in 
the forb component of the conununity type. Several of the important species, including sun-
loving sedge (Carex heliophila). silky aster (Aster sericeus), pasque flower (Anemone patens'), 
and June grass CKoeleria pvramidata) show a strong affinity for the northern portion of the 
Loess Hills (Table 3). There was also a trend for association with east and northwest aspects, 
which collectively accounted for nearly 80% of the tall/mid grassland samples. These aspects 
occur at the "edge" of the mesic sectors (north and northeast) and are also equidistant from 
the xeric sectors (south and southwest). Thus the tall/mid-grais community, which is 
Table 6. Comparison of tallgrass community types. Geographical distribution lists the number of locations and sites for each county 
where the community type occurred. For azimuth and topographic position (see Table 2 for position codes) the test statistic 
G^ is given, along with the categories that contributed most to (+ indicates positive associations; - indicates negative 
associations). The azimuth sector with the highest frequency is labeled to indicate the scale. 
Conununity 
Type 
(no. of 
samples) 
Geographical 
Distribution 
county; L^locations 
S"sites 
Azimuth 
Distribution 
(% frequency) 
prob > G^O.OOOl 
NW(+) E(+) 
N 
Topographic 
Position 
Distribution 
(% frequency) 
IMPORTANT SPECIES 
prob > G^O.OOOl 
VS(-) BS(-)S(+) 
R; 7 BR; -
Distance 
off Ridge 
(m) 
Dominant Species 
(% relative frequency a 3.0%) 
Indicator Species 
(% relative community 
affinity S 55%) 
tall/mid-
grassland 
(45) 
Ply;2L.4S 
Mon: 3 L. 7 S 
Pot:-
Mil;-
Fre;-
W E 
42% 
RS;9 
S; 75 
TS;7 
VS. 2 
V;-
BRS:-
BS:-
mean 
17 
range 
0to50 
Andropogon scoparius 16.1 
Bouteloua curtipoidula 10.3 
Carex hcliophila 9.4 
Andropogon gerardii 6.4 
Anemone cylindrica 4.1 
Antennaria neglects 3.9 
Aster ericoides 3.9 
Poapratensis 3.8 
Aster sericeus 3.7 
Anemone patens 3.S 
Solidago nemoralis 3.0 
prob>G^ = 0^103' 
no significance 
'prob>"G^"='oj6i'i" 
S(+) 
Antennaha neglect* 92.0 
Senecio plattensis 84.8 
Koeleria pyramidata 83.4 
Dichanthelium vvilcoxianum 80.1 
Solidago nemoralis 77.9 
Aster sericeiu 77.3 
Equisetum laevigatum 69.2 
Microseris cuqiidata 63.3 
Anemone patens 60.2 
Castelleja sessiliflora 39.6 
tallgrass 
(37) 
Ply; 1 L, 1 S 
Mon; 3 L. 7 S 
Pot:-
Mil; 1 L. 3 S 
Fre: I L, 1 S 
R;3 
RS;-
S: 75 
TS:-
VS; 19 
V;-
BR;-
BRS;-
BS:3 
Andopogon gerardii 17.4 
Bouteloua curtipendula 9.6 
mean Amoipha canescens 7.3 
22 4 Andropogon scoparius 7.0 
Sorghastium nutans 6.0 
Carex heliophila 5.8 
Aster ericoides 5.3 
0 to 60 Comusdrummondii 5.1 
Sj^phoricarpos 5).^ 4^ 
Sorghastrum nutans 56.9 
tallgrass 
exotic 
(13) 
NW(-r+) 
Ply: 2 L, 2 S 
Mon: 1 L. 3 S 
Pot:-
Mil:-
Fre: 1 L. 2 S 
N 
prob > G = 0.0001 
V(+) VS(+) S{-) 
R;8 
RS;-
S: 15 
TS;-
VS: 54 
V: 23 
BR:-
BRS:-
BS;-
Poapratensis 14.6 
Andopogon gerardii 13.7 
mean Ambrosia psilostachya 9.5 
Carex heliophila 7.5 
Bouteloua curtipendula 6.5 
Andropogon scoparius 4.1 
range Aster ericoides 4.1 
0 to 140 Dichanthelium oligosanthes 3.3 
prob > G^ = 0.28 
no significance 
Plantago virginica 100 
Bromus ineimis 100 
Lespedeza capitata 97.6 
Carex brevior 92.5 
Medicago lupulina 88.5 
Oxalts striata 81.8 
Ambrosia artemisiifolia 76.5 
Scutellaria parvula 76.3 
Verbena stricta 62.5 
tallgrass 
edge 
( 1 1 )  
Ply:-
Mon: 1 L. 3 S 
Pol: -
Mil: --
Fre: I L. I S 
prob > G = 0.003 
N(+) N-45% 
R:-
RS;-
S:91 
TS: --
VS:9 
V:-
BR:-
BRS:-
BS:-
mean 
25.5 
range 
5 to 50 
Comus dnimmondii 30.0 
Andropogon gerardii 12.1 
Poa pratensis 11.0 
Amorpha canescens 5.6 
Symphoricarpos sp. 5.0 
Ulmusnibra 4.7 
Fragaria virginiana 4.7 
Ceanothus hcrbaceus 3.9 
Salixhumilis 97.4 
Lithospeimum canescens 96.5 
Ceanothus herbaceus 82.5 
Cercis canadensis 76.1 
Heuchera richardsonii 58.2 
transitional between mid-grass and tallgrass, is associated with aspects that are transitional 
between xeric and mesic aspects. 
The tall/mid-grass community had the highest species diversity (Fig. 11) and the 
highest number of important species (Table 6) among all of the community types. The 
transitional nature of the community type, in which both mid-grass and tallgrass species 
overlap, is likely one important reason for the high diversity. However, because of the high 
number of indicator species it also seems likely that the abiotic and biotic components of the 
environment may be important factors. The higher abundance (biomass) of big bluestem 
relative to the mid-grass type indicates a more mesic environment, which could benefit species 
that are unable to tolerate the drier mid-grass environment. At the same time the lower 
frequency of individuals of big bluestem relative to the tallgrass community type (Table 6), 
and the lower total biomass of big bluestem and woody shrubs relative to the tallgrass type 
(Table 4), suggests a more suitable biotic environment for many forb species due to less 
competition fi-om both tallgrasses and shrub species. 
The tallgrass community was the third most frequent type and occurred throughout the 
Loess Hills landscape. It was represented on every azimuth sector and was the only grassland 
community that was not significantly associated with azimuth. This independence of azimuth 
is likely related to relative elevation. The tallgrass type can be found on any azimuth because 
more mesic habitats are generally encountered with decreasing elevation (i.e., increasing 
distance down slope along transects). The mean distance from the ridge increases gradually 
from dry mid-grass (13.1 m) to mid-grass (14.1 m) to tall/mid-grass (17.0 m) to tallgrass 
(22.4 m) and to tallgrass edge (25.5 m) (Tables 5 and 6). Both the tallgrass and tall/mid-grass 
communities were positively associated with slope topographic positions. Like the mid-grass 
community, the tallgrass type had only one indicator species (Indiangrass). 
Although big bluestem was the most dominant native grass in the tallgrass exotic and 
tallgrass edge communities, it was not the species with the highest per cent relative frequency. 
Kentucky bluegrass fPoa pratensis). an exotic species, was the most frequent in the tallgrass 
exotic community, and rough-leaved dogwood had the highest frequency in the tallgrass edge 
community. Other important species in the tallgrass exotic community that are also exotic 
include the indicator species smooth brome (Bromus inermis) and black medic (Medicago 
lupulinaV This community type was the only one in the tallgrass group to have annual or 
biennial species represented as important species, which is indicative of the importance of 
disturbance as an environmental factor affecting the community's species composition. 
The tallgrass exotic community had a mean slope angle significantly lower than all 
other community types (Fig. 6). It also was positively associated with valley and valley slope 
topographic positions (over 75% of the community samples were in either valley or valley 
slope positions) and with northwest aspects (Table 6). (The northwest orientation may be an 
artifact of sampling since five of the seven community samples with northwest orientation 
occurred at one site). The low slope angle and valley positions characterize the relatively low 
position this community type generally had in the landscape, which makes it more vulnerable 
to anthropogenic disturbance, particularly the introduction of cool-season grasses and grazing. 
Because of its association with valley and valley/slope topographic positions, the tallgrass 
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exotic community also represents some of the lowest habitat, and likely most mesic, that was 
sampled. Therefore it seems likely that it represents an anthropogenically-altered version of a 
formerly natural community- in this case perhaps a mesic grassland community. 
The anthropogenic influence was evident at several sites, including a native prairie 
pasture encompassing a valley and the adjacent lower slopes (this location in Fremont County 
is the only known valley in the Loess Hills with remnant prairie vegetation) and a site near a 
terrace that had been seeded with introduced cool-season grasses. There was one tallgrass 
exotic sample in Plymouth County that occurred on a ridge. At the northern end of the Loess 
Hills landform, the landscape has less topographic relief and ridgelines are often more broad 
and level. This permitted use of the ridgeline as a driveway when the site was in private 
ownership and consequently there is considerable amount of anthropogenic disturbance along 
the ridgeline, which is not typical for most of the Loess Hills landform. 
Among all of the grassland communities in both the mid-grass and tallgrass groups, the 
tallgrass edge community had significantly higher total basal area of woody vegetation (Fig. 
12). Much of this was due to invading species such as rough-leaved dogwood and slippery 
elm fUlmus rubra), but prairie shrubs such as New Jersey tea (Ceanothus herbaceust and 
prairie willow (Salix humilis') were also important (Table 6). 
Like the tallgrass exotic community type, the tallgrass edge community may also be a 
vestige of a tallgrass mesic community. The presence of rough-leaved dogwood and slippery 
elm, both native invaders of prairie, and also of some Kentucky bluegrass indicates a relatively 
more mesic habitat. The intermingling of tallgrass edge with shrub edge in an area between 
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tallgrass and woodland communities in the DECORANA ordination (Fig. 4) implies that the 
tallgrass edge may exemplify the early stages of woody encroachment and conversion to shrub 
edge. On the other hand, the presence of native prairie shrubs such as leadplant, buckbrush 
(Svmphoricarpos sp.), New Jersey tea, and prairie willow suggests a natural prairie 
community characterized by a high component of prairie shrubs. Regardless of the 
interpretation, it is certain that the suppression of fire, which is a major factor responsible for 
woody encroachment in prairie (Daubenmire 1968, Bragg and Hulbert 1976, Hulbert 1986), 
has a more important role in tallgrass edge than in the tallgrass exotic community. 
Suppression of natural fire would permit the increase of both woody invaders and sufFruticose 
prairie species. Depending on the natural fire regime in the Loess Hills (which has not been 
determined), the tallgrass edge may be representative of a naturally-occurring native 
community. However, more than likely such a natural tallgrass edge would have been 
spatially confined to the lower, more fire-protected habitats and for that reason its 
composition would likely have been different. 
If both tallgrass edge and tallgrass exotic communities are vestiges of a tallgrass mesic 
community that formeriy occurred in valleys and on the lower slopes, their differences can be 
attributed to divergence in their composition from differences in anthropogenic influence. The 
tallgrass exotic community represents former tallgrass mesic vegetation that has been modified 
by grazing, the introduction of exotic cool-season grasses, and perhaps the removal of woody 
vegetation. The tall grass edge community represents former tallgrass mesic vegetation that 
has been modified by anthropogenically-induced woody succession. 
The tallgrass group is notable in that three of the four tallgrass types had the highest 
species diversities of all community types, and two of these community types (tall/mid 
grassland and tallgrass exotic) were significantly higher than all other communities except the 
woodland edge (Fig. 11). The thickness of soil A horizon, depth to CaCOj, total soil 
nitrogen, and soil pH of communities in the tallgrass group was generally intermediate 
between the communities in the mid-grass group and the woodland/edge group (Figs. 7, 8, 9, 
and 10). However, the greatest thickness of the A horizon (120 and 113 cm) and to CaCOs 
(98.5 and 77.5 cm) occurred in two samples of a tallgrass exotic community in a valley in 
Fremont County. These two samples were also the farthest down slope of all 245 samples 
(140 m from the ridgeline where the transects originated), and were therefore positioned in 
the landscape where alluvial deposition has increased the thickness of the A horizon and the 
depth to CaCOs. Also, soil pH and total soil nitrogen in communities in the tallgrass group 
were more similar to communities in the woodland/edge group than to communities in the 
mid-grass group. These similarities likely are related to the former occurrence of tallgrass 
vegetation in habitats now occupied by woodland/edge communities. 
Woodland/Edge Group 
The woodland/edge group contains those community types dominated by woody 
plants, specifically those types with a mean total woody basal area greater than 3.0 m^ ha"'. 
Five community types are included: shrub edge, woodland edge, red cedar woodland, 
dogwood/elm woodland and bur oak woodland. Many of these are represented only at a few 
sites or locations because the emphasis of the research was on grassland vegetation, and 
consequently there were not many community samples collected in woodland vegetation. The 
samples primarily represent woody-dominated communities in ecotonal habitats and therefore 
are a limited representation of woodland vegetation in the Loess Hills. 
All of the communities in the woodland/edge group had a mean slope angle less than 
the midrange slope (the average of the minimum and maximum observations, i.e., a medium 
slope) and there were no significant differences in slope angle observed among woody 
community types. The shrub edge and woodland edge communities are "sister groups" to the 
tallgrass edge community and contained at least a small amount of several grassland species 
(Fig. 3). The shrub edge had the highest mean basal area of shrub-size woody vegetation 
among all communities, and had a distinctly higher ratio of shrub basal area to tree basal area 
than any other community type (Fig 12). Important woody species included rough-leaved 
dogwood, green ash (Fraxinus pennsvlvanicaV and slippery elm (Table 7). The shrub edge 
was the only community type in the woodland/edge group that was positively associated with 
both azimuth (south) and topographic position (valley slope). 
The overall trend among community types in the woodland/edge group was 
independence from azimuth and topographic position, in contrast to the overall dependence 
exhibited by grassland communities. Whether this is an artifact of the small number of 
community samples measured in woody-dominated vegetation or evidence of true 
independence is uncertain, but if succession to woody-dominated communities has occurred 
on a variety of topographic habitats as independence from azimuth and topographic position 
Table 7. Summary of woodland/edge community types. Geographical distribution lists the number of locations and sites for each county 
where the community type occurred. For azimuth and topographic position (see Table 2 for position codes) the test statistic 0 is 
given along with the categories that contributed most to (+ indicates positive associations; - indicates negative associations). 
The azimuth sector with the highest frequency is labeled to indicate the scale. 
Conun. Geographical 
Type Distribution 
(no. of county; L/>locations 
samples) S=sites 
Azimuth 
Distribution 
(% frequency) 
Topograpahic 
Position 
Distribution 
(% frequency) 
IMPORTANT SPECIES 
Distance 
off Ridge 
(m) 
Dominant Species 
(% relative frequency 
S 3.0%) 
Indicator Species 
(% relative conununity 
afTmity S 55%) 
prob > G' = 0.047 prob >G' = 0.003 
SW w VS(+) Comus drununondii 36.8 
shrub Ply; - R; - BR: - mean Symphoricarpos sp. 18.6 Acernegundo 95.8 
edge Mon: 2 L, 3 S \ / RS: - BRS:- 40.8 Teucrium canadense 9.5 Teucrium canadense 77.5 
(6) Pot; - W )| f-E S: - BS: - Fraxinus pennsylvanica 4.8 Nepetacataria 58.8 
Mil; - / \ TS;- range Andropogon gerardii 4.5 Symphoricaipos sp. 55.4 
Pre: — VS;100 30 to 50 Ulmus rubra 2.8 
S - 83% V;-
woodland Ply: 1 L, 1 S 
edge Mon: I L, 2 S 
(4) Pot: -
Mil: -
Pre: -
prob > G = 0.34 
no significance 
N 
W ^ E 
50% 
prob>G =0.85 Poapratensis 16.1 
no significance Comus drununondii 12.0 
R:— BR:- mean Juniperus virginiana 11.4 
RS: — BRS:- 38.8 Ambrosia psilostachya 9.0 
S: 50 BS: — Carex heliophila 5.3 
TS:25 range Fraxinus pennsylvanica 4.2 
VS: 25 30 to 45 Carex blanda 3.8 
V: - Juglans nigra 3.2 
Juglans nigra 100 
Euphorbia falcata 98.2 
Carex cephalophora 88.0 
prob > G^ = 0.24 
no significance 
N 
"prob >0^'"= an ^ 
no significance 
R: - BR: -
RS: - BRS:-
S: - BS; -
TS:-
VS:100 
V;-
eastem Ply; — 
red cedar Mon: 2 L, 2 S 
woodland Pot; — 
(3) Mil; -
Pre; -
W 
67% 
Juniperus virginiana 78.5 
mean Moms alba 3.3 
51.7 Celastnis scandens 2.9 
Symphoricaipos sp. 2.3 
range Poapratensis 2.0 
50lo55 Carex blanda 1.6 
Juniperus virginiana 65.2 
Table 7 continued 
Comm. Geographical Topograpahic IMPORTANT SPECIES 
Type Distribution Azimuth Position Distance Dominant Species Indicator Species 
(no. of county: l^Iocations Distribution Distribution off Ridge (% relative frequency (% relative community 
samples) S=sites (% frequency) (% frequency) (m) ^ 3.0%) alfmity S 55%) 
dogwood/ Ply; -
elm Men: 2 L, 3 S 
woodland Pot; — 
(6) Mil; -
Pre: -
prob > G^O.002 
N(+) 
N - 83% 
/ . 
W 
s 
prob>G =0.14 Comusdninunondii 28.5 
no significance Viola sororia 13.0 
R;- BR;- mean Ulmusnibra 12.6 
RS;- BRS;- 54.2 Juniperus virginiana 7.8 
S; 17 BS;- Poapratensis 5.6 
TS; 17 range Fragaria virginiana 3.9 
VS; 66 45 to 60 Rubus sp. 3.5 
V: - S>-mphoricarpos sp. 3.5 
Carexblanda 3.0 
Viola sororia 96.7 
Ribessp. 89.6 
Eupatoriiun rugosum 86.3 
Rubus sp. 73.0 
Celtis occidentalis 68.0 
Moms alba 66.5 
Parthenocissus sp. - 57.9 
prob > g'' = 6.88 
no significance 
R; - BR; -
RS; - BRS;-
S; 80 BS; -
TS;-
VS;20 
V ; -
bur oak Ply; 2 L, 2 S 
woodland Mon; — 
(5) Pot; -
Mil; -
Pre; 1 L. 3 S 
prob > X = 0.06 
no significance 
N 
W 
40% 
Comus dninunondii 45.7 
mean Quercus macrocarpa 17.8 
17 Ostrya virginiana 10.9 
Fraxinus pennsylvanica - 5.7 
range Poapratensis 3.1 
5 to 40 Ulmus rubra 3.0 
Ostrya virginiana 100 
Qucrcus macrocarpa 98.9 
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would suggest, then independence from azimuth and topographic position may be linked to a 
greater variety of successional pathways, that in turn may be related to the greater variation in 
the composition of community types in the woodland/edge group. 
The woodland edge community was the only type in this group to have a nonwoody 
species (Kentucky bluegrass) attain the highest relative frequency (Table 7). Rough-leaved 
dogwood, eastern red cedar fJuniperus virginiana). and green ash were important tree species. 
This community had the highest species diversity in the woodland/edge group, although its 
mean diversity was not significantly different from the mean diversity of the shrub edge and 
the dogwood/elm woodland (Fig. 11). 
Because the shrub edge and woodland edge are sister groups, they could be combined 
into one edge community at the next higher level in the classification (Fig. 3). However an 
important difference exists in their structure. Because the proportion of basal area of shrub-
size woody vegetation to basal area of tree-size woody vegetation is much larger in the shrub 
edge (0.44) than in the woodland edge (0.01), there is less openness in the shrub edge. Low-
growing rough-leaved dogwood and buckbrush tend to restrict low-growing herbaceous 
species. Only fairly robust herbaceous species (big bluestem, American germander (Teucrium 
canadense), and catnip fNepeta cataria)) appear as important herbaceous species. Because 
there is more openness in the woodland edge, several low-growing herbaceous species 
achieve importance (Kentucky bluegrass, western ragweed (Ambrosia psilostachvaV sun-
loving sedge, woodland sedge fCarex blanda). falcate spurge (Euphorbia falcataV and Carex 
cephalophora). The two communities also tend to be in different topographic positions. The 
shrub edge community occurs in valley slope positions, while the woodland edge occurs on 
slope or toeslope positions. Their dissimilarity is also reinforced by the lack of any overlap in 
the DCA ordination (Fig. 4), and their ecotonal position is reflected by their intermediate 
location between the swarm of grassland samples (on the lower left of the DCA) and the 
widely dispersed woodland samples (on the right of the DCA). The openness of the 
woodland edge and its ecotonal position are likely important factors that contribute to its high 
species diversity. One of the indicator species for the woodland edge was falcate spurge, 
which was first collected in the Midwest during this study (Rosburg 1992). 
The red cedar woodland, dogwood/elm woodland, and bur oak woodland community 
types had a mean total basal area of woody vegetation greater than 20 m^ ha"'. The red cedar 
woodland community type was strongly dominated by eastern red cedar and had the highest 
mean total basal area of woody vegetation (Fig. 12). It had the lowest species diversity, 
which was significantly lower than the mean diversity of all other communities except the bur 
oak woodland (Fig. 11). Although all of the red cedar woodland samples occurred on east or 
southeast aspects and in valley slope positions, the sample size was small and restricted (n=3, 
sites=2), and no significant association with azimuth or topographic position was shown. Red 
cedar woodland is visually conspicuous and occurs throughout the Loess Hills; it does not 
appear lo be associated with azimuth or topographic position (personal observation). 
The species composition of the red cedar woodland was the most distinctive compared 
to all other community types (Fig. 4). The extremely high dominance by eastern red cedar is 
likely an important factor that influenced its composition and low species diversity, which is 
apparent even in casual observation. Other important woody species included mulberry 
(Morus alba\ bittersweet fCelastrus scandens), and buckbrush. Kentucky bluegrass and 
woodland sedge were the most frequent herbaceous species. Gehring and Bragg (1992) 
working in southeastern Nebraska, approximately 60 km from the southern Loess Hills, 
reported that Kentucky bluegrass and Carex spp. increased in percent cover from open prairie 
to shaded habitat under eastern red cedar, while 11 common prairie species decreased. Their 
work suggested that a significant change in species composition of prairie can occur in less 
than two decades of eastern red cedar encroachment, and that more species are lost than are 
gained. Smith and Stubbendieck (1990) also working in southeast Nebraska found that 17 to 
25 year-old eastern red cedar reduced herbaceous prairie plant production by 66% to 96%. 
Reduction of photosynthetically active radiation by 85% and a reduction in soil water were 
cited as changes exerted by eastern red cedar that possibly caused the herbaceous reduction in 
biomass. 
The two woody species with highest dominance in the dogwood/elm woodland were 
rough-leaved dogwood and slippery elm, although eastern red cedar, green ash, hackberry 
fCeltis occidentalis) and mulberry were also important species (Table 7). Among the 
community types in the woodland/edge group, the dogwood/elm community had the second 
highest species diversity (Fig. 11) and the highest number of important species. Based on a 
limited sample, it was positively associated with north-facing aspects (Table 7). 
Although the bur oak woodland had a high presence of rough-leaved dogwood (the 
highest relative frequency. Table 7), bur oak (Ouercus macrocarpa) had the second highest 
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presence, the highest basal area, and a very high relative community affinity. Bur oak 
woodland was also the only community where ironwood (Ostrva virginiana") was an important 
species. The bur oak woodland had the greatest range of total woody basal area (5.2 to 54.5 
m^ ha"') and was most common on northeast aspects (Table 7). 
The dogwood/elm and bur oak woodland communities displayed considerable overlap 
in species composition (Fig. 4), although they were segregated somewhat on DCA axis three 
(not graphed). The significantly greater species diversity of the dogwood/elm woodland was 
due in part to the presence of many important species, including several shrub and herbaceous 
species such as brambles (Rubus sp., Ribes sp.), buckbrush, woolly violet (Viola sororia), 
white snakeroot (Eupatorium rugosum), wild strawberry (Fraparia virginianaV woodland 
sedge, and Virginia creeper (Parthenocissus sp.). In the bur oak woodland, the only important 
herbaceous species was Kentucky bluegrass and there were not any important shrub species. 
This extreme difference in the assemblage of understory species suggests that different 
successional pathways, perhaps a difference in their starting points, may account for 
differences in the composition of the extant communities. 
Most of the early descriptions of the vegetation, while clearly emphasizing the 
grassland dominance, mention the presence of "a few scattered dwarf oaks" (Brackenridge 
1816) or "a small growth of timber principally oak" (Bell 1820). Almost certainly this oak 
was bur oak. An interpretation of these early descriptions is that tallgrass and tallgrass 
savanna occurred together on the more mesic habitats. Present-day bur oak woodland may be 
the product of succession from tallgrass savanna in which there was a scattered presence of 
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bur oak, while the dogwood/elm woodland may be the product of succession from a mesic 
tallgrass community. 
The qualitative similarity between upland oak forest in central Iowa and bur oak 
woodland in the Loess Hills is very low. Sorenson's coefficient of community calculated at 
the species level between bur oak woodland and white oak forest associated with the Des 
Moines River Valley (Johnson-Groh 1985) 200 km to the east was 12%. For Johnson-Groh's 
white oak/red oak community the coefficient was 10%. Many herbaceous forest species that 
are common in eastern and central Iowa oak forests have not been recorded in the Loess Hills 
(Novacek et al. 1985), e.g., hepatica (Hepatica sp.), rue anemone (Anemonella thalictroidesV 
yellow violet fViola pubescens), and trillium (Trillium sp.) are not known to occur in any of 
the woodlands in the Loess Hills, and other species such as yellow bellwort fUvularia 
erandiflora). wild geranium (Geranium maculatumV false solomon's seal (Smilacina 
racemosaV spring beauty (Clavtonia vireinicay wild ginger (Asarum canadense), false rue 
anemone (Isopvrum bitematumV mayapple (Podophyllum peUatum), and toothwort 
(Cardamine concatenata") are only known from a few locations, mostly sites in the southern 
end of the Hills. 
In general, the woodland/edge group had the greatest thickness of the soil A horizon 
(Fig. 7) and highest total soil nitrogen (Fig. 9). A noticeable exception was the bur oak 
woodland which, with respect to thickness of the soil A horizon, was not significantly 
different from mid-grass, tall/mid-grass and tallgrass communities. Most likely, the thickness 
of the soil A horizon is partially related to topographic position. The bur oak woodland 
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occurs higher on the slope (mean distance below ridge =17 m), while the other four 
woodland/edge communities generally occur lower on the slope (mean distance below ridge > 
38 m). The depth to CaCOs was quite variable among communities in the woodland/edge 
group (Fig. 8), but it tended to be either greater than or equal to that in the grassland 
communities and, correspondingly, soil pH was either lesser than or equal to that in grassland 
communities (Fig. 10). 
Relationships among Community and Environmental Variables 
Pearson correlation coefficients were computed among 12 environmental variables 
measured with the community samples (Table 8). These variables were divided into four 
groups. Latitude, a geographic variable, occurs across the largest spatial scale and reflects the 
influence of plant geography and variation in climate. Slope azimuth, slope angle, and 
distance down slope (relative elevation) are topographic variables that, together with 
vegetation, affect the edaphic variables of soil moisture, thickness of soil A horizon, depth to 
CaCOs, total soil nitrogen, and soil pH. The fourth category includes the variables that 
characterize the vegetation, namely species diversity and total woody basal area. Soil 
moisture was measured only at one latitude, thus no correlation coefficient was calculated 
between latitude and soil moisture. 
Because community samples were preferentially located on prairie vegetation, the 
negative correlation of latitude with slope and azimuth (Table 8) indicates that with decreasing 
latitude (southern direction), prairie vegetation was associated with increasing slope azimuth 
Table 8. Pearson correlation coefficients for variables measured in community samples. Coefficients are given only for 
significant correlations (* p< 0.05, ** p< 0.005, *** p< 0.0005); "ns" indicates not significant and " = not 
measured. 
latitude azimuth slope distance soil 
down moisture 
slope up 20cm 
soil 
moisture 
low 20cm 
soil A 
horizon 
total 
soil 
nitrogen 
depth to 
CaCOj 
soil pH species 
diversity 
total 
woody 
BA 
latitude . -0.15 
* 
-0.35 
*** 
ns - — ns 0.18 
** 
ns ns 0.32 ns 
azimuth • ns ns -0.47 
*** 
-0.39 
*•* 
ns -0.27 
*** 
-0.26 
*** 
0.30 
*** 
-0.34 
*** 
-0.16 
* 
slope • •0.15 -0.25 
* « 
ns -0.38 
*** 
-0.40 
*** 
-0.29 
*** 
0.36 
**« 
-0.25 
«*• 
ns 
distance down 
slope 
. 0.54 
*** 
0.60 
4<** 
0.75 0.57 
*** 
0.69 
*** 
-0.62 
*** 
ns 0.28 
*** 
soil moistiire 
upper 20 cm 
• 
0.71 
*** 
0.63 
*** 
0.76 
*** 
0.65 
*** 
-0.73 
*** 
ns 0.32 
»• 
soil moisture 
lower 20 cm 
• 0.54 
*** 
0.69 
*** 
0.59 
••• 
0.53 
*** 
ns 0.29 
soil A horizon • 0.80 
*** 
0.79 
*** 
-0.68 
*** 
ns 0.24 
*** 
total soil 
nitrogen 
• 
0.78 
*** 
-0.60 
*** 
ns 0.40 
*** 
depth to 
OaCOj 
• 
-0.71 
*** 
ns 0.36 
*** 
soil pH • -0.15 
* 
-0.26 
««« 
spccics 0 -0.34 
diversity 
total woody 
BA 
(southerly orientation) and increasing slope angle. These relationships demonstrate that 
prairie tends to occupy the more xeric habitats in the southern Loess Hills, probably due to 
more widespread woody encroachment. 
The high correlation among the edaphic variables suggests they are affected in unison 
by a topographic variable, and all of these variables were most highly correlated to the 
distance down slope (and to a lesser amount to slope angle and azimuth). Thickness of the A 
horizon and depth to CaCOa are physically influenced by the process of soil removal and 
deposition. Soil removal decreases both the thickness of the A horizon and the depth to 
CaCOa, while soil deposition increases the thickness of the A horizon and depth to CaCOs. 
Soil nitrogen had a highly positive correlation with thickness of the A horizon and soil pH had 
a highly negative correlation with depth to CaCOa. Therefore, as soil removal decreases the 
thickness of the A horizon and the depth to CaCOa, soil nitrogen will decrease and soil pH 
will increase. The distance down slope is apparently the best predictor of which process, 
removal or deposition, is occurring, while slope angle likely influences the rates. Aandahl 
(1948) measured total soil nitrogen associated with native prairie vegetation along 
topographic gradients on Ida and Monona soils in western Iowa. He also found a highly 
significant relationship between total soil nitrogen and length of the slope (i.e., distance down 
slope). Because of the high correlation between thickness of A horizon and total soil 
nitrogen, and the high correlation between depth to CaCOa and soil pH, the thickness and 
depth measurements, which can be quickly accomplished in the field, may be satisfactory 
indices of nitrogen and pH measurements, which are much more time-consuming. 
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Soil moisture is obviously an important edaphic variable, and measurements are 
difficult to obtain, especially for an extensive landscape study of vegetation. Another problem 
is that soil moisture is highly dependent on recent precipitation events, which on a landscape 
scale can be highly variable. One measurement that may be a good substitute for soil moisture 
is total nitrogen. In this study, with a sample size of 93, a highly significant positive 
correlation (r= 0.76) was observed between soil moisture in the upper 20 cm of soil and total 
soil nitrogen. Because nitrogen is related to the productivity of plants, which in turn is 
dependent on soil moisture, total nitrogen might be a good surrogate for the "average" soil 
moisture in a habitat. 
The two vegetation variables, species diversity and total woody basal area, differed in 
their relationships to the other environmental variables. Species diversity was primarily 
correlated with geographic and topographic variables, while woody basal area was primarily 
correlated with edaphic variables. Species diversity increased with increasing latitude (more 
northerly direction), with decreasing azimuth (more northerly aspects), and with decreasing 
slope angle (Table 8). Species diversity also increased with decreasing total woody basal area, 
indicating that woody succession on prairie results in the loss of more species than it does in 
the establishment of new species. 
In an experimental study encompassing 11 years, a negative correlation was found 
between species richness and the rate of nitrogen addition to well-drained grassland fields at 
Cedar Creek, Minnesota (Tilman 1993). In the Loess Hills, this study of 245 samples across a 
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nitrogen gradient from 0.35 to 2.29 mg N/g found no relationship between nitrogen and 
species diversity (Table 8). 
Total woody basal area increased with decreasing azimuth (more northerly aspects) 
and increasing distance down slope (Table 8). Because of the relationship with the distance 
down slope, woody basal area was also correlated with all of the edaphic variables (which 
were correlated with distance down slope). It is apparent, from personal observation, that 
woody vegetation in the Loess hills decreases with increasing latitude. The drier climate at 
the northern end of the Loess Hills is likely one reason for the lower presence of woody 
vegetation. Migration of woody species into the Hills from the south may also play an 
important role. However, there was no correlation found between total woody basal area and 
latitude in this study. There are two reasons why: 1) samples were not randomly located; 
transects were preferentially located on grassland and ended after one sample of the ecotone 
was measured, and 2) most of the samples of woodland vegetation were associated with a 
seed bank study located in Monona County near the middle of the latitudinal range. 
Grassland Community Comparisons 
Of the eight grassland communities identified, three appear to represent formerly 
natural communities that have anthropogenically-altered compositions. The bluff colluvium 
and tallgrass exotic types are defined in part by the presence of introduced species, and the 
tallgrass edge type is defined in part by the presence of invading woody vegetation that is an 
artifact of human settlement. The remaining five community types (bluff mid-grass, dry mid-
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grass, mid-grass, tall/mid-grass, and tallgrass) are probably fairly representative of natural, 
pre-settlement vegetation, excepting periiaps for long-term historical effects from nonnative 
grazers and fire suppression. They accounted for 87% of the grassland community samples 
and represent the bulk of the extant grassland in the Loess Hills. As a group and compared 
with other Iowa prairies, these communities represent grassland vegetation on fairly dry 
habitats. 
Among these five grassland communities, the highest quantitative similarities 
(calculated as percent similarity (PS);* = (2] min(Pi/'. P"i^) • (100)), where Py = proportion of 
species / in community j and p,* = proportion of species / in community k) occurred between 
dry mid-grass and mid-grass (68.2%) and between mid-grass and tall/mid-grass (64.6%, Table 
9). These fairly high similarity values, contrasted with the lower similarity between dry mid-
grass and tall/mid-grass (43.4%), illustrate the gradual, but definite, change in composition 
within this core of grassland communities. Among these five communities, the tallgrass 
community is the least similar to the others, which emphasizes the generally dry nature of 
extant Loess Hill grasslands. 
Midwest Prairie 
Percent similarity was calculated for each comparison of the five Loess Hill grassland 
communities with the four driest communities identified by White (1983) across Iowa and 
eastern Nebraska, and the four hill prairie communities identified by Ugarte (1987) in 
northeast Iowa. Overall there was fairly low quantitative similarity, with most values lower 
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Table 9. Percentage Similarity (%) among Loess Hill prairie communities, and between 
Loess Hills grassland and other dry prairie in Iowa and eastern Nebraska (data 
from White (1983) and Ugarte (1987)). Entries in boldface identify the 
community types most similar to Loess Hill prairie. 
LOESS HILL PRAIRIE COMMUNITIES 
Community Bluff 
Mid-grass 
Dry 
Mid-grass Mid-grass 
Tall/Mid-
grass Tallerass 
BlufT Mid-grass • 57.4 57.0 44.6 39.5 
Dry Mid-grass • 68.2 43.4 31.3 
Mid-grass • 64.6 53.1 
Tall/Mid-grass • 54.6 
Tallgrass • 
White (1983): 
Sand Prairie 20.4 15.1 12.6 15.5 14.1 
Gravel Hill 37.9 36.1 42.2 41.4 29.2 
Dry Mesic lA 31.3 23.3 35.7 38.1 46.8 
Dry Mesic MB 37.7 27.9 41.5 39.7 43.9 
Ugarte (1987); 
NE Iowa Hill 
dropseed 
27.7 19.8 32.8 30.1 27.6 
NE Iowa Hill 
big blustem 
30.1 19.8 34.1 32.4 37.8 
NE Iowa Hill 
little bluestem 
33.3 36.1 47,7 36.8 27.9 
NE Iowa Hill 
side-oats grama 
41.3 32.2 41.9 37.0 40.1 
than 40% and none over 50%. Because dry grasslands often have at least a modest amount of 
big bluestem, little bluestem, and side-oats grama (e.g., often at least 7 to 10% relative 
importance for each) these three species alone can account for similarity values in the 20 to 
30% range. Each of the Loess Hills grassland communities was more similar to another Loess 
Hills grassland than to any of the other Iowa dry grasslands, which emphasizes the 
distinctiveness of Loess Hill grasslands (Table 9). 
Comparison of the Loess Hill grassland and other Iowa dry grassland reveals some of 
their ecological relationships. In terms of species composition, the bluff mid-grass community 
is most similar to the hill prairie/side-oats grama community, which represents hill prairie 
vegetation that has developed in a grazing environment (Ugarte 1987). The steep, west-
facing aspects of the Loess Hills bluff mid-grass community also foster a harsh environment, 
and the predominance of side-oats grama in both of these communities is an important 
similarity. Of 17 species in common, those which contribute most to the similarity include big 
and little bluestem, lead plant, Indian grass, and eastern red cedar. 
The dry mid-grass community is most similar to the gravel hill community of 
northwest Iowa and the hill prairie/little bluestem community of northeast Iowa. All three 
communities are strongly dominated by little bluestem, and the similarity between dry mid-
grass and the hill prairie/little bluestem community is due largely to the high relative 
importance of little bluestem in both. The similarity between the dry mid-grass and gravel hill 
communities is due to a lesser extent to the sharing of little bluestem and to a greater extent to 
the sharing of plains muhly and forb species such as Missouri goldenrod, western ragweed. 
and hoary vervain ("Verbena stricta). Big bluestem, side-oats grama, heath aster, bastard toad­
flax (Comandra umbeUata), purple prairie clover (Palea purpurea), whorled milkweed, 
flowering spurge (Euphorbia coroUata), and gray goldenrod fSolidaeo nemoralis) are all 
shared by the gravel hill and hill prairie/little bluestem communities and the dry mid-grass 
community. The dry mid-grass community has 30 species in common with the hill prairie/little 
bluestem community and 32 species in common with the gravel hill community. 
The highest similarity between any of the Loess Hill grasslands and other Iowa dry 
grassland communities occurs between the mid-grass community and the hill prairie/little 
bluestem community, despite their large geographical separation (over 400 km). Again, little 
bluestem accounted for a major portion of this similarity, along with big bluestem, side-oats 
grama, gray goldenrod, silky aster, leadplant, eastern red cedar, azure aster (Aster 
oolentangiensis). and heath aster. The mid-grass community had 58 species in common with 
the hill prairie/little bluestem community. 
The tall/mid-grass community was most similar to the gravel hill community. Little 
bluestem accounted for a little more than a third of the similarity, while several forbs (heath 
aster, leadplant, Missouri goldenrod, silky aster, purple prairie clover, and rigid goldenrod 
(Solidaeo rieida) and two cool-season grasses (Kentucky bluegrass and June grass) 
collectively accounted for another third of the similarity. The Loess Hills tallgrass community 
was most similar to the Iowa dry mesic community, which occurs mostly in the western half of 
Iowa on well-drained, moderately steep, upper slope positions without very coarse soils 
(White 1983). The tallgrass species big bluestem and Indian grass account for a major portion 
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of the similarity in these two communities. Other species in common include heath aster, 
Kentucky bluegrass, Scribner's dichanthelium, rigid sunflower fHelianthus rigidus), wild rose 
fRosa arkansana). and rigid goldenrod. Forb species in both the tall/mid-grass and tallgrass 
communities were relatively more important in accounting for similarity than were forbs in the 
mid-grass group of communities. In other words, the forb component is more distinctive in 
the bluff mid-grass, dry mid-grass and mid-grass communities than in the tall/mid grass and 
tallgrass communities. The tall/mid-grass and gravel hill communities have 44 species in 
common, while the tallgrass and Iowa dry mesic communities have 46 species in common. 
In terms of species composition, all five Loess Hill prairie communities are most 
dissimilar to the sand prairie. White (1983) reported that the composition of the sand prairie 
was the most unique of his community types, and the strong dissimilarity between it and the 
Loess Hill prairie adds confirmation to the distinctiveness of the sand prairie relative to other 
Iowa prairies. 
Annual aboveground net primary productivity (AANPP) for four of the primary 
grassland communities in the Loess Hills ranged from 635 g m"^ in the tallgrass type to 182 g 
m'^ in the dry mid-grass type (Table 6, Table 10). The timing and frequency of fire, weather 
patterns, and species composition can greatly influence AANPP, thus straightforward 
comparisons of AANPP can be difficult. In general the AANPP of Loess Hill grasslands 
ranged from amounts exhibited by western mid- and shortgrass communities to those 
observed in eastern tallgrass mesic communities (Table 10). 
Table 10. Comparison of annual aboveground net primary productivity of Loess Hill communities with representative samples 
from grassland communities throughout the Midwest. First line: geographic location; second line: community types 
named according to author(s); third line: productivity, with (*) denoting a measurement following spring fire, 
followed by the reference symbol. Boldface entries indicate Loess Hill grasslands from this report. 
mesic 
1100 1000 
ANNUAL ABOVEGROUND NET PRIMARY PRODUCTIVITY (g m"^) 
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xenc 
100 
Central MO 
Tallgrass 
1141» - G 
Northwest lA 
Tallgrass 
851* - I 
E-ccntral IL 
Tallgrass 
856* - J 
Northwest 
MN 
5. pectinala 
768* - C 
lA I>ocssHiU 
Tallgrass 
63S 
KS Flint Hill 
Tallgrass 
500» - F 
lA LoessHiU 
TaO/MidG 
411 
NE Loess 
Hill Mid & 
TallG 
389 - A 
NE LoessHill lA LocssHill 
Mixed grass Mid-grass 
217 - A 195 
Northeast lA Central MO Southeast NE Southeast NE NE LoessHill lA LocssHill 
Tallgrass Tallgrass Tallgrass Tallgrass Shortgrass Dry Mid-
672* - H 529 - G 476 - B 340 - B 232 - A grass 
182 
Northwest lA 
Talllgrass 
520 - I 
N-central SD 
Mid Prairie 
448 - E 
Northwest 
MN 
S. spartea 
342* - C 
Central NE 
Sandhills 
208* - D 
N-central SD 
High Prairie 
192 - E 
E-central IL 
Tallgrass 
513* - J 
N-central SD 
Low Prairie 
404 - E 
Northwest 
MN 
A. gerardil 
382* - C 
Central NE 
Sandhills 
269 - D 
KS Flint Hill 
Tallgrass 
440 - F 
Reference symbols; 
A-Hopkins 1951 
B - Smith and Stubbendieck 1990 
C - Smeins and Olsen 1970 
D - Morrison et al. 1986 
E-Barnes etal. 1983 
F - Towne and Owensby 1984 
G - Kucera and Ehrenreich 1962 
H - Aikman 1955 
1 - Hill and Piatt 1975 
J - Old 1969 
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Illinois Loess Prairie 
Loess-capped hills occur in western Illinois along the Mississippi and Illinois Rivers on 
bluffs formed from outcropping bedrock. The thickest deposits rarely exceed 7.6 m (Evers 
1955), considerably thinner than the 60 m depth in western Iowa (Prior 1991). Slopes on 
bluffs that border the wide bottomland and slopes with southwest and west aspects contain a 
mid-grass community dominated by little bluestem (Evers 1955). Evers only made 
quantitative measurements on two sites, but from these two hill prairies he was able to 
generate a list of the 30 most frequent species. Only eight of these (five grasses and three 
forbs) were also among the 30 most frequent species in the Loess Hills, but another 11 species 
were recorded in community samples in the Loess Hills. Apparently the similarity in habitat 
(i.e., dry south and west exposures) promotes a fair amount of qualitative similarity in species 
composition. However, there are several xeric species with eastern affinity that are common 
on the Illinois loess hill prairie that are not in western Iowa (e.g.. Agave virginica. Aealinus 
gattingeri. Desmodium ciliare. Opuntia humiflisaV and likewise several xeric species with 
Great Plains affinity that are common on western Iowa loess prairie but are not present in 
Illinois (e.g., yucca, skeleton plant, purple coneflower (Echinacea aneustifolia'). Missouri 
milkvetch (Astragalus missouriensisV 
Nebraska Loess Prairie 
In central Nebraska, there is a large area of Pleistocene loess deposition known as the 
Loess Hills and Plains. Hopkins (1951) described four principal grassland community types: 
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shortgrass, mixed grass, mid and tall grass, and wheat grass. The wheat grass type was 
described as a product of the 1930's drought and anthropogenic disturbance. The other three 
formed a series of community types that resembles the dry segment of the grassland 
continuum in the Iowa Loess Hills. The mid and tall grass type was dominated by the tallgrass 
big bluestem and the mid-grass side-oats grama and occurred in the more mesic habitats. 
Thus its physiognomy resembles the tall/mid-grass type in the Iowa Loess Hills. The mixed 
grass type occurred in less mesic habitat and was dominated by both short and mid-grasses. 
Important forbs included skeleton plant, leadplant, Missouri goldenrod and scarlet gaura, 
which suggest a similarity with the dry mid-grass type in the Iowa Loess Hills. The shortgrass 
type occurred on the most xeric habitats and was dominated by shortgrasses, principally blue 
grama fBouteloua gracilis). Although blue grama was recorded in trace amounts (Table 3) in 
the mid-grass and tall/mid-grass community types in the Iowa Loess Hills, and hairy grama 
fBouteloua hirsuta) and buffalo grass fBuchloe dactvloides") also occur in the Iowa Loess Hills 
(Novacek et al. 1985), shortgrasses are not common enough to characterize a shortgrass 
community. The presence of skeleton plant, Missouri goldenrod, and scarlet gaura in the 
shortgrass type again suggests some similarity with the dry mid-grass type. The Nebraska 
Loess Hills and Plains are 350 km west of the Iowa Loess Hills and receive 10 to 20 cm less 
annual precipitation. The grasslands associated with this landscape appear to represent both a 
segment and an extension of the more xeric grassland communities in the Iowa Loess Hills. 
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Landscape Pattern and Variation in Composition of Grassland Communities 
A DECORANA ordination with the 24 woodland/edge samples removed illustrates the 
pattern of variation among grassland communities (Fig. 13). A prominent gradient in 
grassland composition occurs from tallgrass edge (dominated by big bluestem and invading 
rough-leaved dogwood and Kentucky bluegrass) to diy mid-grass and the two bluff 
communities (dominant species include little bluestem, side-oats grama, skeleton plant, plains 
muhly, green foxtail fSetaria viridis). and blue lettuce (Lactuca obloneifolia): Fig. 13, axis 1; 
Tables 4 and 5). The two bluff communities, the tallgrass exotic community, and the tall/mid-
grass community are all offset from the primary gradient (axis one), indicating that their 
composition is affected by variation along a second gradient (axis two). The importance of 
the second axis varies from considerable in the bluff communities to slight in the tall/mid-grass 
community, which occurs slightly below the transitional position between mid-grass and 
tallgrass community types (Fig. 13). 
The compositional gradient from dry mid-grassland to tallgrass is indicative of a soil 
moisture gradient, and soil moisture (measured in a subset of community samples, n=93) is 
positively correlated with axis one (Table 11). Both soil moisture depths (top 20 cm and 
second 20 cm) were correlated with axis one; however, the soil moisture in the top 20 cm was 
more strongly correlated. On July 10, the date soil moisture measurements were made, the 
precipitation departure for the year to date at two climatological stations approximately 10 
and 12 km distant from the study site was 16.1 and 8.0 cm, respectively. However, a 
relatively dry period of 24 days, from June 16 to July 9, had resulted in precipitation 
Figure 13. DECORANA ordination of the grassland community samples (24 
woodland/edge samples omitted) showing axes one, two, and three. The 
samples are identified by community type and the lines are drawn to represent 
approximate borders between community types. 
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Table 11. Pearson correlation coefficients of environmental and community variables with 
the first three axes of the DECORANA ordination of the eight grassland 
community types (Fig. 10, woody samples omitted). Coefficients are given for 
significant correlations (* p< 0.05, **p^ 0.005, *** p< 0.0005); "ns" 
indicates not significant. 
Variables DCA axis one DCA axis two DCA axis three 
eiRenvalue=0.493 eiRenvalue=0.403 eigenvalue=0.227 
Geographical Variable 
latitude ns -0.14 * 0.30 *** 
Topographic Variables 
azimuth -0.43 *** ns ns 
slope angle ns 0.66 -0.16* 
distance down slope 0.37 ••• -0.17 • ns 
Edaohic Variables 
soil moisture (upper 20 cm) 0.70 ns ns 
soil moisture (lower 20 cm) 0.44 ••• ns ns 
depth A soil horizon 0.49 *** -0.33 ns 
total soil nitrogen 0.63 -0.22 ns 
depth to CaCOi 0.54 -0.28 »•» 0.14» 
soilpH -0.64 ••• 0.34 ns 
Community Variables 
species diversity 0.16* -0.39 ••• 0.34 ••• 
total woody basal area 0.29 *** ns 0.29 *** 
departures for the three weeks prior to July 10 of -5.1 and -4.8 cm (U. S. Department of 
Commerce 1991a, 1991b, 1991c). This recent dry period provided time for topography and 
vegetation to exert an influence on soil moisture levels, which ranged from 3.0% to 19.2% in 
the top 20 cm of soil and from 7.3% to 18.2% in the second 20 cm of soil. Soil moisture 
levels in the upper portion of the soil profile are more variable due to the soil's greater 
proximity to the physical processes of wetting and drying. Because the upper soil profile is 
subject to lower moisture levels, especially during dry periods, it is also apparently more 
important in competition among species for water, which would explain its greater importance 
in accounting for variation in community composition. 
The analyses of variance for slope and the goodness of fit tests for azimuth and 
topographic position among community types established that local topography is an 
important factor determining community composition of grasslands in the Loess Hills (Fig. 6, 
Tables 4 and 5). Among the topographic variables, soil moisture is most highly correlated 
with azimuth and distance down slope (Table 8), which are both also correlated with DCA 
axis one. The lack of a correlation between slope and DCA axis one suggests that the most 
important topographic features influencing soil moisture are azimuth and distance down slope 
(i.e., relative elevation). Additionally, both slope azimuth and distance down slope were 
highly correlated with soil moisture in both the upper and lower 20 cm cores, while slope 
angle was only weakly correlated with soil moisture in the upper 20 cm and was not 
correlated with soil moisture in the lower 20 cm (Table 8). 
The importance of slope azimuth is most evident at the ends of the primary 
composition gradient (Fig. 14), where the lowest amounts of solar radiation (north aspect) are 
associated with higher soil moisture and tallgrass edge vegetation (high axis one scores), and 
the highest amounts of solar radiation (south aspect) are associated with low soil moisture and 
mid-grass vegetation (low axis one scores). The pattern tends to break down towards the 
middle of the gradient where community samples associated with an azimuth encompass a 
wide range of DCA axis one scores (e.g., east and west. Fig. 14). Also, the lowest DCA axis 
one scores (driest samples) occurred on the southwest aspect instead of the south. 
Although the amount of solar radiation received due to azimuth is associated with the 
soil moisture gradient encompassed on DCA axis one, the distance down slope must also be 
considered. As for azimuth, the effect of the distance down slope is most evident at the 
extremes and more variable through the middle range (Fig. 14). Ridges (distance down slope 
equal to 0) are associated with low soil moisture and mid-grass vegetation (low axis one 
scores), while distances down slope greater than 40 m are associated with higher soil moisture 
and tallgrass edge vegetation (high axis one scores). Most likely soil moisture levels result 
from interaction among slope azimuth and distance down slope and perhaps to a minor extent 
with slope angle since slope angle was correlated with the soil moisture in the upper 20 cm, 
therefore a clear independent association is not likely. 
The second direction of variation in grassland composition (DCA axis two) was most 
highly correlated to slope angle (Table 11). The relationship between DCA axis two and 
slope angle appears to be nonlinear (first order regression yields r^ = 0.442, second order 
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Figure 14. Regression of the DC A axis one scores from the DECORANA ordination of the 
grassland community samples (dependent variable) with azimuth and distance 
down slope (independent variables). 
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regression yields r^ = 0.589; Fig. 15). Slope steepness along DCA axis two may be related to 
environmental harshness and the availability of bare soil for colonization. Axis two is defined 
by the variation from tallgrass exotic (lowest DCA axis scores) to bluff colluvium (highest 
DCA axis scores), both of which were characterized by a number of exotic and annual species. 
Although the bluff and tallgrass exotic types were both characterized by ruderal species, their 
positions at opposite ends of DCA axis two indicate they have different ruderal species. A 
major difference is that the tallgrass exotic community, dominated by Kentucky bluegrass and 
occurring in low topographic positions on slopes with the lowest steepness, is the community 
that has been most directly affected by human activity. The presence of ruderals such as pale-
seeded plantain (Plantago vireinica\ black medic, yellow wood sorrel (Oxalis stricta). 
common ragweed (Ambrosia artemisiifoliaV and hoary vervain (Table 5) seems related to 
anthropogenic disturbance. 
The bluff colluvium and bluff mid-grass community types occurred on the slopes with 
the greatest steepness and are much less susceptible to anthropogenic disturbance. Important 
ruderals included green foxtail, annual sunflower (Helianthus annuus), toothed spurge 
(Euphorbia dentata), lamb's quarter (Chenopodium sp.), sweet clover (Melilotus sp.), Russian 
thistle (Salsola sp.) sand dropseed (Sporobolus crvptandrusV one-seeded croton, large-
flowered beardtongue, and whorled milkwort (Table 5). Their presence is related to patches 
of bare soil caused by natural processes in the steep and xeric environment. DCA axis two 
may represent a gradient of availability of naturally exposed bare soil due to the environmental 
harshness imposed by a high slope angle. The nonlinear relationship fits well with this 
98 
450 
r^=0.590 
400 -
350 -
o 300 -
(/> 
250-
< 
Q 200 -
150 -
•• 
100 -
w 
50 -
5 10 15 20 25 30 35 40 45 50 55 60 0 
Slope Angle (°) 
Figure 15. Regression of the DCA axis two scores from the DECORANA ordination 
of the grassland community samples (dependent variable) with slope 
angle (independent variable). 
interpretation, since slope angle might not be expected to create naturally exposed bare soil 
until a threshold steepness is reached. This threshold appears to be between slope angles of 
30° to 35° (Fig. 15). Above slope angles of 30° to 35° the relationship is fairly linear and 
becomes more variable as slope angle increases. 
Several edaphic variables (thickness of A horizon, soil nitrogen, depth to CaCOs, and 
soil pH) were highly correlated with both DCA axes one and two (Table 11). Since they were 
also correlated with soil moisture, their correlation with DCA axis one probably is due mostly 
to soil moisture. They are more likely important factors on DCA axis two, because soil 
moisture is not associated with axis two. Total soil nitrogen ranged over a sixfold difference, 
from 0.35 to 2.29 mg N/g soil, while soil pH ranged from 5.75 to 7.57. Thus there appears to 
be adequate variation in these variables for soil fertility to be an important factor. Low 
nitrogen and high pH (which decreases availability of phosphorus) occurred on the steepest 
slopes (Fig. 6, 9 and 10), thus the low nutrient status of soils on steeper slopes may be an 
important factor contributing to the environmental harshness and the availability of bare soil 
for colonization. 
The total nitrogen observed in the top 38 cm (1.61 to 2.95 mg N/g soil) on Ida and 
Monona soils in Ida County in western Iowa (Aandahl 1948) was higher than observed in this 
study. The difference between the minimum nitrogen level observed by Aandahl and the 
minimum nitrogen level observed in the Loess Hills was 1.6 mg N/g soil, representing over 
four times more nitrogen on the Ida County site than in the Loess Hill landform. Because soil 
nitrogen and slope angle were inversely correlated (Table 8), the higher soil nitrogen in loess 
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prairie in Ida County can be explained partially by the much lower slope angles on the study 
site (0° to 14°) compared to those included in this study (0° to 57°). 
The role of latitude in accounting for variation among grassland conununities appears 
on DCA axis three and is therefore less important than the topographic and edaphic variables 
(Table 11). Most likely latitude is important because of the influence of plant geography, 
since several species show affinity for either the north or south regions of the Loess Hills 
(Table 3) and the tall/mid-grass community occurs only in and north of Monona County 
(Table 5). 
Variation in community composition of grasslands across the Loess Hills landscape is 
mostly influenced by soil moisture, as mediated by the effect of local topography, primarily 
slope azimuth and relative elevation. The local variation can be very substantial. Five of the 
eight grassland community types were present at one site in the northern portion of the Loess 
Hills (Fig. 16), and at two sites approximately 400 m apart in the central region (Fig. 17). 
Along the bluffline in the central region five grassland types were observed at one site (Fig. 
18). Three grassland types were represented at two sites in the southern region (Fig. 19). A 
south-facing aspect in the northern part of the Loess Hills can be more similar to a south-
facing aspect in the southern part of the Loess Hills than it is to the aspect on the opposite 
side of the ridge (compare Fig. 16 with Fig. 19, site 1). 
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Species Associations and Ecology 
Species Ordination 
The species ordination (Fig. 20) locates the 126 most common species in sample 
space, that is species that tended to occur in the same community samples are located close to 
one another in the ordination. Because of the large number of community samples obtained 
(i.e., the sample space is substantial), the ordination provides useful information about general 
species relationships, particularly the species that most often share similar habitats. Since the 
number of species included is large, only a few of the species relationships can be discussed. 
These serve as examples of the variety of information the species ordination provides. 
Twelve species with high affinity to the Great Plains ordinated fairly closely together 
at the xeric end of the moisture gradient (low DCA axis one scores. Fig. 20), while two 
additional Great Plains species, purple coneflower (Ea) and locoweed fOxvtropis lambertii. 
01) occurred most often in slightly more mesic samples (higher axis one scores, Fig. 20). 
White prairie clover (Dalea Candida") was among the group of species with high Great Plains 
affinity because it is the variety olieophvlla. which is a western form sometimes classified as a 
separate species, Petalostemon occidentale (Great Plains Flora Association 1977, Great Plains 
Flora Association 1986). A group of ruderal species that were primarily associated with the 
bluff community types is apparent, as well as groups of edge species and oak woodland 
species. 
Because sample and species ordinations are related to the same axes, positions of 
species along axis one are indicative of their relative position along a moisture gradient. For 
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Figure 20. DECORANA ordination of the 126 most frequent species in sample space. See Appendix C for identification 
of the two-letter species codes. Species in boldface were among the top 20 most frequent species and species 
identified with an (*) have high affinity for the grasslands in the Great Plains. 
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example, little bluestem (As) and plains muhly (Mh) were equally positioned at the dry end 
(low values on axis one), but plains muhly was more closely associated with ruderal species 
(Fig. 20). Moving up axis one (increasing moisture) the next graminoids encountered are 
side-oats grama (Be) and June grass (Kp), followed by Wilcox dichanthelium (Dichanthelium 
wilcoxianum. Dw), sun-loving sedge (Ch), porcupine grass fStipa spartea. Si), big bluestem 
(Ag), Scribner's dichanthelium (Dichanthelium oliposanthes. Do) Indian grass (Sn) and 
Kentucky bluegrass (Pp) (Fig. 20). Comparison of the five species of Solidago observed 
indicates a relative order, from dry to moist, of gray goldenrod (Sg), Missouri goldenrod 
(Sm), rigid goldenrod (Sr), showy goldenrod (Solidago speciosa. Ss), and Canada goldenrod 
(Solidago canadensis. Sd), with Canada goldenrod more closely associated with edge species 
(Fig. 20). 
Other notable associations include a group of three species, ridge-seeded spurge (Eg), 
large flowered beardtongue (Pg), and silver leaf scurfpea (Psoralea areophvlla. Pr), that often 
occurred together (Fig. 20) in dry, bare soil samples from the steepest communities (Table 3). 
Another example includes a group of four species, false boneset (Kuhnia eupatorioides. Ke), 
round-headed bush clover (Lespedeza capitata. La), slick-seed bean (Strophostvles 
leiosperma. 81), and snow-on-the-mountain (Euphorbia mareinata. Em), that are associated 
closely (Fig. 20), most likely because they were primarily observed in disturbed habitats at the 
south end of the Loess Hills (Table 3). The distribution of three of these species (excluding 
false boneset) in the Great Plains appears to be concentrated in the southern portion (Great 
Plains Flora Association 1986). 
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Species Distribution among Community Types 
The species summary (Table 3) also provides important information related to species 
ecology. The number of community observations (N) indicates how frequent the species was 
in Loess Hills vegetation and the level of reliability in the subsequent information presented 
(i.e., the number of observations on which the information is based). An important distinction 
to emphasize is the difference between average fi-equency (AF) and the mean frequency in a 
community type. The average frequency is the average for all community samples where the 
species was present and therefore indicates the frequency typically encountered locally, while 
the mean frequency of a species in a community is an average for all of the samples in the 
community type and therefore indicates the frequency within the community type. Mean 
frequencies are divided into one of six categories; fi-om highest to lowest these are: abundant, 
common, frequent, occasional, sparse, and trace (Table 3). As with the species ordination, a 
large number of species is included and the following relationships serve as examples of the 
variety of ecological information contained in Table 3. 
Because the community types are arranged along a compositional gradient (that is 
partly associated with a moisture gradient) the importance of a species among community 
types can be visualized as a distribution along the community gradient. Comparison of these 
species distributions among species provides some evidence of species' ecological 
relationships. For example, silky aster had the highest presence in the tall/mid-grass 
community and decreased in importance in both directions along the community gradient at a 
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similar rate (i.e., had a normal distribution; Table 3). Gray goldenrod also had the highest 
importance in the tall/mid-grass community but, unlike silky aster, decreased more rapidly in 
the mesic direction than in the xeric direction (i.e., had a skewed distribution). Perhaps this 
indicates that gray goldenrod is less competitive with the species associated with more mesic 
habitats than is silky aster. 
Some species have a very wide distribution among community types and are therefore 
examples of widespread, perhaps highly dispersed and plastic species. Two species, western 
ragweed and buckbrush, occurred in 12 of the 13 community types (Table 3). Four species, 
side-oats grama, heath aster, Kentucky bluegrass, and smooth sumac (Rhus glabra), occurred 
in 11 of the 13 community types. Species with narrow distributions among community types, 
and therefore presumably lower dispersal ability and/or more specialized life history, include 
purple coneflower (present in 3 community types) and dotted blazing star, big top prairie 
clover, and rigid flax (Linum ripidum^ (present in 4 community types; Table 3). All four of 
these species are Great Plains species and two (big top prairie clover and rigid flax) are 
restricted in Iowa to the Loess Hills and/or to the extreme northwest comer of the state 
(Christiansen 1992). Their relatively narrow distribution among Loess Hill community types 
is likely related to their specialization for xeric habitats. 
Some of the Great Plains species occurred in a wider range of community types than 
expected, given their presumed association with xeric habitats. For example, yucca and 
skeleton plant had the highest importance in the bluff mid-grass and dry mid-grass 
communities, respectively, and most observations of both species did occur in the mid-grass 
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group (Table 3). However, both species also occurred in three of the communities in the 
tallgrass group, including the tallgrass exotic and tallgrass edge communities, which are 
typically associated with relatively lower and more mesic habitats. Yucca is apparently 
capable of competing with species in mesic habitats, as indicated by several observations of it 
growing in roadsides dominated by smooth brome (personal observation). 
Species Distribution along Latitude 
Relative latitude affinity of species among the south, central, and north regions of the 
Loess Hills identifies groups of species that are more common at either the north or south 
ends of the Loess Hills. Species that appear to have a northern distribution include sun sedge, 
silky aster, white prairie clover (variety oligophvlla). big top prairie clover, pasque flower, 
June grass, prairie turnip fPsoralea esculenta). green milkweed (Asclepias viridiflora) and 
Missouri milkvetch. 
Species with an apparent southern distribution include bluets (Hedvotis nigricans), 
dotted blazingstar, daisy fleabane (Erieeron strigosus), azure aster, grooved flax (Linum 
sulcatum), showy goldenrod, whorled milkwort, American plum rPrunus americana). false 
boneset, slick-seed bean, round-headed bush clover, redbud (Cercis canadensis), flowering 
spurge, and pale-seeded plantain. 
For some of these species, their northern or southern distributions can be explained by 
their distribution pattern in the Great Plains. Two of the northern species (sun-loving sedge 
and pasque flower) have northern distributions in the Great Plains, while seven of the southern 
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species (bluets, azure aster, slick-seed bean, round-headed bush clover, redbud, flowering 
spurge, and pale-seeded plantain) are more common in the southern Great Plains (Great Plains 
Flora Association 1977). For other species, particularly those with high Great Plains affinity, 
their presumed migration route into the Loess Hills explains their northern distribution. For 
example, Missouri milkvetch and big top prairie clover both occur throughout the western 
Great Plains from North Dakota to Texas (Great Plains Flora Association 1977). Their 
northern distribution in the Loess Hills may be due to a migration route from the plains of 
South Dakota along upland bluffs and sandbars of the Missouri River into the northern Loess 
Hills (Novacek 1985). Presumption of a northern migration route is especially important for 
big top prairie clover, because it appears to be more common in the southern Great Plains 
than in the northern Great Plains. 
For the remaining species, those widely distributed from north to south in the Great 
Plains and without high Great Plains affinity, an explanation for their northern or southern 
distribution is less evident. One possibility is related to the size of prairie remnants, which 
generally decreases from north to south because woody vegetation increases from north to 
south. Perhaps for some species with northern distributions, their absence in the southern 
regions is related to an inability to maintain populations on smaller prairie remnants. Species 
that are locally infrequent (individuals that are often widely separated as indicated by low 
average firequency (AF) and few community observations (N), Table 3), such as prairie turnip 
and green milkweed, should be more sensitive to size of remnants and may be examples. 
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Many species appear be more common in the central region. For most of these 
species, their distribution is likely an artifact of sampling. Because intensive studies were 
completed in the Loess Hills Wildlife Area in Monona County, there were far more 
community samples located in the central region than the other regions. Although the relative 
latitude affinity is standardized for the number of samples, the calculation does not account for 
the fact that much more area was sampled in the central region. Also, the Loess Hills Wildlife 
Area contains the largest prairie remnants in the study. The larger size of two of the locations 
and the much greater amount of area sampled in the central region likely explain why some 
prairie species, for example scarlet gaura, prairie dandelion (Microseris cuspidata') and hoary 
puccoon (Lithospermum canescens), appear to be more common. Because the seed bank 
studies were completed in Monona County, the central region contains the majority of 
community samples of woodland vegetation. The central region also contains the majority of 
bluffline samples. Thus, many of the high affinities of woodland and bluffline species for the 
central region are also an artifact of sampling. 
Species Persistence under Woody Encroachment 
The tail of the distribution of many prairie species extends into the communities in the 
woodland/edge group (Table 3), indicating some ability to persist during succession to woody 
vegetation. Among the graminoids with the highest persistence (a mean frequency in one of 
the woodland/edge community types of at least 3.5 to 10.5%, i.e., an occasional presence) 
were side-oats grama, little bluestem, big bluestem, Scribner's dichanthelium, and sun-loving 
113 
sedge. All of these species, except sun-loving sedge, were also present under the canopy of 
invading red cedar in prairie in eastern Nebraska (Gehring and Bragg 1992) 
Side-oats grama had the highest mean frequency of any prairie grass in the red cedar 
woodland community, and in the study by Gehring and Bragg (1992) side-oats grama was the 
only prairie grass to increase significantly in cover from open prairie to the crown edge of 
cedars, before decreasing in cover under the canopy. Thus, side-oats grama appears to have 
the most shade tolerance of the prairie graminoids and may actually benefit from a modest 
amount of shading that perhaps decreases competition fi-om big and little bluestem. 
The forbs with the highest persistence (a mean frequency in one of the woodland/edge 
community types of at least 3.5 to 10.5%, i.e., an occasional presence) included thimbleweed 
(Anemone cvlindricaV pasque flower, and western ragweed (Table 3). Thimbleweed was 
observed in all but one of the communities in the woodland/edge group. Other prairie forbs 
that were present in lower amounts included heath aster, blue-eyed grass, Missouri goldenrod, 
lead plant, rigid goldenrod, purple prairie clover (Dalea purpurea), prairie ragwort fSenecio 
plattensis). and prairie violet (Viola pedatifida). 
Prairie Species Excluded from Table 3 
There were 42 species observed in four or fewer community samples that were not 
included in the 126 species in Table 3. Seventeen of these are prairie species (Table 12), and 
three of them merit special consideration. 
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Table 12. Native prairie species observed in four or fewer community samples, or observed 
in prairie communities but not in a community sample. 
Species 
No. 
Community 
Samples 
Community Type(s) 
Eragrostis spectabilis 4 Tall/Mid-grass 
Potentilla arguta 4 Tall/Mid-grass, Tallgrass Exotic 
Vernonia baldwinii 4 Diy Mid-grass, Tallgrass, Tallgrass Exotic 
Botrychium campestre 3 Tall/Mid-grass, Woodland Edge, Red Cedar Woodland 
Aster oblongifolius 2 Mid-grass 
Delphinium virescens 2 Bluff Mid-grass, Tall/Mid-grass 
Dichanthelium acuminatum 2 Woodland Edge 
Eupatorium altissimum 2 Dry Mid-grass, Tallgrass Exotic 
Liatris aspera 2 Tall/Mid-grass 
Triodanis perfoliata 2 Tallgrass Exotic 
Astragalus crassicarpus 1 Tallgrass 
Monarda fistulosa 1 Tallgrass Exotic 
Paspalum setaceum 1 Shrub Edge 
Penstemon cobaea 1 Dry Mid-grass 
Plantago patagonica 1 Tall/Mid-grass 
Solanum carolinense 1 Tallgrass Exotic 
Sphaeralcea coccinea 1 Dry Mid-grass 
Arabis hirsuta 0 Tall/Mid-grass 
Asclepias tuberosa 0 Tallgrass 
Cacalia plantaginea 0 Tallgrass, Tall/Mid-grass 
Coreopsis palmata 0 Mid-grass 
Desmanthus illinoensis 0 Tall/Mid-grass, Tallgrass 
Mentzelia decapetala 0 Bluff Mid-grass 
Onosmodium molle 0 Tallgrass, Tallgrass Edge 
Penstemon albidus 0 Dry Mid-grass 
Phlox pilosa 0 Tallgrass 
Prenanthes aspera 0 Tall/Mid-grass 
Ratibida columnifera 0 Tall/Mid-grass 
Salvia reflexa 0 Bluff Mid-grass 
Shepherdia argentea 0 Tallgrass Edge 
Silphium laciniatum 0 Tall/Mid-grass, Tallgrass 
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The prairie moonwort (Botrvchium campestret was discovered in the Loess Hills in 
Monona County in 1982 (Farrar and Johnson-Groh 1986, Wagner and Wagner 1986). It was 
observed in three community samples, all in Monona County. One sample was on a northwest 
aspect occupied by the tall/mid-grass community type. The other two samples were on an 
east-facing aspect under a canopy of red cedar in woodland edge and red cedar woodland 
community types. 
Two species on the Iowa list of endangered and threatened species were encountered. 
Scarlet globemallow (Sphaeralcea coccinea) was observed in one community sample of dry 
mid-grass on the bluflfline in Pottawattamie County. Cobaea penstemon (Penstemon cobaea) 
was recorded in one community sample of dry-mid-grass on a south-facing spur ridge in 
Fremont County. It was also observed in a privately-owned remnant prairie that was primarily 
a tallgrass exotic community and along the bluffline in Fremont County. Additionally, there 
were fourteen prairie species observed during the course of the field studies that were not 
recorded in community samples (Table 12). These represent species that tend to be the least 
abundant in Loess Hill grasslands, but also they reflect the inability of the highly quantitative 
methodology to provide qualitative data on species presence in Loess Hill prairie. 
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APPENDIX A. STUDY LOCATIONS 
Location & 
(County) 
Latitude 
C) 
Ownership 
(year acquired) 
Legal Description for 
Location of Study 
Sites 
Approximate 
amount of 
Prairie (ha) 
Five Ridge Prairie 
(Plymouth) 42.68 
Plymouth County 
Conservation Board 
(1981) 
T91NR48W 
S21 nw'/4 of sw'/i 
S20 se'/4 of se'/4 
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Mt. Talbot Preserve 
(Plymouth & 
Woodbuiy) 
42.57 
Iowa Department of 
Natural Resources 
(1935, 1973, 1976) 
T90NR48W 
S3 5 se'/4 of se'/J 10 
Loess Hills Wildlife 
Area - East Tract 
(Monona) 
42.11 
Iowa Department of 
Natural Resources 
(1973) 
T84NR44W 
S9 nw'/i 60 
Loess Hills Wildlife 
Area - West Tract 
(Monona) 
42.11 
Iowa Department of 
Natural Resoiuces 
(1980) 
T84NR44W 
S8 ne'A 35 
Turin Hills Preserve 
(Monona) 42.04 
Iowa Department of 
Natural Resources 
(1973) 
T84NR44W 
S33 se'/4 of ne'/4 6 
Crescent Ski Area 
(Pottawattamie) 41.39 
Russ Lindeman 
(owned since 1974) 
(grazing ended 1950's) 
T76NR44W 
SI 1 sw'/i of se'/4 
S14 xmV* of ne'/i 
20 
Cody Farm 
(Mills) 41.16 
Richard Cody 
(in family since 1915) 
(grazing ended 1966) 
T74NR43W 
S4 se'/4 of nw'/4 85 
Baylor Farm 
(Fremont) 40.78 
James Baylor 
(in family since 1849) 
(grazing ended 1991) 
T69N R43W 
S13 sw'/i of nw'/i 4 
Waubonsie State 
Park 
(Fremont) 
40.67 
Iowa Department of 
Natural Resources 
(first parcel 1926, prairie 
sites in late 1940's) 
T68NR42W 
S31 nw'/4 of ne'/< 
T67NR42W 
S6 ne'/4 of ne'/i 
20 
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APPENDIX B. SOIL TYPES 
Characteristics of soil types encountered in the Loess Hills landform (Jury and Fisher 1976). 
Soil Types 
Napier Monona Ida Hamburg 
slope (°) 1.5 to 8.5 0to22 3 to 22 22 to 37 
parent material local alluvium thick loess thick loess very thick loess 
depth to seasonal 
water table (m) > 1.5 > 1.5 > 1.5 > 1.5 
USDA texture silt loam silt loam silt loam silt loam 
permeability 
(cm hr')  1.6 to 5 1.6 to 5 1.6 to 5 5 to 16 
available water capacity 
(cm cm"' soil) 0.20 to 0.23 0.19 to 0.22 0.18 0.17 
thickness of A horizon 
(cm) 61 to 91 18 to 45 <25 < 15 
pH 6.1 to 8 .4  6 .1  to  8 .4  7.8 to 8.4 7.4 to 8 .4  
available phosphorus very low veiy low very low veiy low 
available potassium low low or very low very low veiy low 
Diagramatic representation of position of soil types in the Loess Hills landform (Jury and 
Fisher 1976). 
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APPENDIX C. SPECIES CODES 
Four and two letter species codes for 126 species recorded in at least five community 
samples or with a total presence index among all community samples of at least 15. 
Codes Species Codes Species 
Acne An Acer negundo Cehe Ce Ceanothus heibaceus 
Agas Aa Agalinis aspera Cesc Cn Celastrus scandens 
Amar Ar Ambrosia artemisiifolia Ceoc Co Celtis occidentalis 
Amps Ap Ambrosia psilostachya Ceca Ca Cercis canadensis 
Amca Ac Amorpha canescens Che Cx Unknown Chenopodium sp. 
Ange Ag Andropogon gerardii Ciun Cu Cirsium undulatum 
Ansc As Andropogon scoparius Coum Ct Comandra umbellata 
Ancy Ad Anemone cylindrica Codr Cd Comus drummondii 
Anpa At Anemone patens Crmo Cm Croton monanthogynus 
Anne A1 Antennaria neglecta Daca Dc Dalea Candida 
Assy Ay Asclepias syriaca Daen De Dalea enneandra 
Asve Av Asclepias verticillata Dapu Dp Dalea purpurea 
Asvi Ai Asclepias viridiflora Diol Do Dichanthelium oligosanthes 
Aser Ae Aster ericoides Diwi Dw Dichanthelium wilcoxianum 
Asoo Ao Aster oolentangiensis Ecan Ea Echinacea angustifolia 
Asse Au Aster sericeus Eqla El Equisetum laevigatum 
Aslo Af Astragalus lotiflorus Erst Es Erigeron strigosus 
Asmi Am Astragalus missouriensis Euru Er Eupatorium rugosum 
Bocu Be Bouteloua curtipendula Euco Ec Euphorbia corollata 
Bou Bx Bouteloua gracilis/hirsuta Eude Ed Euphorbia dentata 
Erin Bi Bromus inermis Eufa Ef Euphorbia falcata 
Calo C! Calamovilfa longifolia Eugl Eg Euphorbia glyptosperma 
Casr Cr Calylophus serrulatus Euma Em Euphorbia marginata 
Cabl Cb Carex blanda Frvi Fv Fragaria virginiana 
Cabr Cv Carex brevior Frpe Fp Fraxinus pennsylvanica 
Cace Cc Carex cephalophora Gaco Gc Gaura coccinea 
Cahe Ch Carex heliophila Hasp Hs Haplopappus spinulosus 
Cass Cs Castilleja sessiliflora Hehi Hh Hedeoma hispidum 
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Appendix C continued 
Codes Species Codes Species 
Heni Hn Hedyotis nigricans Pegr Pg Penstemon grandiflorus 
Hean Ha Helianthus annuus Phvi Ph Physalis virginiana 
Herg Hg Helianthus rigidus Plvi Pv Plantago virginica 
Here He Hcuchera richardsonii Popr Pp Poa pratensis 
Juni Jn Juglans nigra Pove PI Polygala verticillata 
Juvi Jv Juniperus virginiana Pram Pa Prunus americana 
Kopy Kp Koeleria pyramidata Psar Pr Psoralea argophylla 
Kueu Ke Kuhnia eupatorioides Pses Pe Psoralea esculenta 
Laob Lo Lactuca oblongifolia Quma Qm Quercus macrocarpa 
Lac Lx Unkno\vn Lactuca sp. Rhgl Rg Rlius glabra 
(cf. serriola) Rib Ri Unknown Ribes sp. 
Leca La Lespedeza capitata Roar Ra Rosa arkansana 
Lipu Lp Liatris punctata Rub Ru Unknown Rubus sp. 
Liri Lr Linum rigidum Saca Sc Sanicula canadensis 
Lisu Ls Linum sulcatum Sahu Sh Salix humilis 
Lica Ln Lithospermum canescens Sal Sx Salsola sp. 
Liin Li Lithospermum incisum (cf. iberica or collina) 
Lyju Lj Lygodesmia juncea Scpa Sp Scutellaria parvula 
Melu Ml Medicago lupulina Sepl St Senecio plattensis 
Mel Ms Mclilotus sp. Sevi Sv Setaria viridis 
(alba or ofllcinalis) Sica Se Sisyrinchium campestre 
Micu Mc Microseris cuspidata Smi Sf Smilax sp. (cf. rotundifolia) 
Moal Ma Morus alba Soca Sd Solidago canadensis 
Mucu Mh Muhlenbergia cuspidata Somi Sm Solidago tnissouriensis 
Mura Mr Muhlenbergia racemosa Sone Sg Solidago nemoralis 
Neca Nc Nepeta cataria Sori Sr Solidago rigida 
Oebi Ob Oenothera biennis Sosp Ss Solidago speciosa 
Osvi Ov Osttya virginiana Sonu Sn Sorghastrum nutans 
Oxst Os Oxalis stricta Spas Sa Sporobolus asper 
Oxla 01 O.xytropis lambertii Spcr So Sporobolus cryptandrus 
Par Ps Parthenocissus sp. Stsp Si Stipa spartea (quinquefolia or vitacea) 
Appendix C continued 
Codes Species 
Stle SI Strophostyles leiosperma 
Sym Sy Symphoricarpos sp. 
(cf. orbiculatus or albus) 
Teca Tc Teucrium canadense 
UIpu Up Ulmus pumila 
Ulru Ur Ulmus rubra 
Vest Vt Verbena stricta 
Vipe Vd Viola pedatifida 
Vipr Vp Viola pratincola 
Viso Vs Viola sororia 
Vit Vx Unknown Vitis sp. 
Yugl Yg Yucca glauca 
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CHAPTER 2. EFFECTS OF MICROCLIMATE ON ECOPHYSIOLOGY AND 
COMMUNITY ASSEMBLAGE OF PRAIRIE PLANT SPECIES 
IN THE LOESS HILLS OF WESTERN IOWA 
A paper to be submitted to Ecology 
Thomas R. Rosburg, Thomas W, Jurik, David C. Glemi-Lewin 
Abstract 
Few studies have attempted to integrate information on the community composition of 
grassland vegetation with ecophysiological measurements. Factors that influence a species's 
importance in a community include both abiotic and biotic components of the environment, 
which are presumably mediated in part through the species' physiologies. In this study, the 
effect of slope azimuth on abiotic microclimate variables was measured on two sites 
(replicates) located in native grassland in the Loess Hills landform in western Iowa. The 
effect of slope azimuth on the photosynthetic rates of five prairie species (Andropogon 
eerardii. Bouteloua curtipendula. Echinacea angustifolia. Solidago rigida. and Amorpha 
canescens) and on soil moisture was monitored during one growing season on the same two 
sites. The importance of these species in communities was quantified in an extensive study of 
the community composition of Loess Hill grasslands. The overall objectives were to 1) 
determine if variation in microclimates explains variation in photosynthetic rates of species 
inhabiting different microclimates, and 2) determine if photosynthetic rates of species explains 
species' importances in community composition. Photosynthetic photon flux density varied 
among slopes aspects in a pattern similar to the expected pattern (calculated values of 
potential shortwave radiation). Daily total photosynthetic photon flux density was greater on 
slopes with southerly orientations than on slopes of northerly aspect. The results clearly show 
the importance of the timing and pattern of cloud cover in decreasing the potential differences 
in photosynthetic photon flux density among slopes. Photosynthetic photon flux density was 
clearly associated with air temperatures and generally the south- and/or west-facing slopes 
were warmer than northeasterly aspects. However, differences in air temperatures among 
slope aspects, especially mean daytime temperatures, were not noticeably great, perhaps due 
to exceptionally cloudy conditions during two of the measurement periods. There was great 
potential for differences in total wind movement between windward and leeward slopes, and 
there was some evidence that slopes with higher wind may also experience lower water vapor 
pressures. There was also potential for significant differences in soil moisture among slope 
aspects, particularly during times of low rainfall. South, southwest, and northwest slopes 
tended to have lower soil moisture than east and northeast slopes. Significant differences in 
photosynthetic rates due to slope azimuth were observed for all five species. For Andropoeon 
gerardii. photosynthetic rates were lower on a south-facing slope than on an adjacent east-
facing slope when soil moisture levels were low, and the south aspect was significantly drier 
than the east aspect. Differences in the photosynthetic rates ofBouteloua curtipendula were 
also related to soil moisture, but in a different marmer. Photosynthetic rates on a 
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southwestern aspect were higher than were rates on an adjacent northeastern aspect when 
overall soil moisture was high and also significantly lower on the southwest aspect relative to 
the northeast aspect. The differences in photosynthetic rates among the forb species were not 
as evidently related to soil moisture, although the significant effects of slope azimuth on 
Solidago rieida and Amorpha canescens occurred at the time of the season when these species 
are typically in or near flowering. There was evidence that a species's photosynthetic rates 
are indicative of its importance in the community. Four of the five species showed a 
significant correlation between photosynthetic rates, at least at some time during the growing 
season, and a measurement of their importance in communities with topographic 
characteristics similar to those of the sites where photosynthetic rates were measured. 
INTRODUCTION 
Processes that determine the variation in the abundance of species in communities (i.e., 
differences in community composition) are a focal point of much ecological research. Within 
the biogeographic range of a species, its abundance is dependent on both abiotic and biotic 
components of its environment. There is good reason to envision the effects of these two 
components separately (Fig. 1), because species must be physically present before they can 
interact in biotic processes. The abiotic environment can be viewed as a filter that defines a 
set of species that could potentially interact as members of a community. However, because 
species interaction is explicit in the distinction between fundamental and realized niches 
(Hutchinson 1958), abiotic and biotic factors are coupled and therefore interact to some 
ABIOTIC 
{temperature precipitation 
wind BIOTIC 
fire 
soil ^ 
disturbance 
microclimate humans 
soil 
moisture slope azimuth Seed herbivory / Seed 
Dispersal 
Bank 
slope angle fauna 
geologic 
history 
> soil ' 
fertility 
pollinatioi 
Germination Reproduction 
elevation disease & 
pathogens 
Seedling 
- soil 
texture 
Growth 
competition 
depth POPULATIONS 
A, B.C... ^ allelopathy 
mycorrhizae 
Figure 1. Examples of biotic and abiotic factors, and some of their potential interrelationships, affecting the composition of 
grassland communities. 
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degree to determine the relative success species experience in a community. The interaction 
between abiotic and biotic environments can modify species dominance relationships so that 
one species is more abundant within some range of the abiotic environment and another 
species is more abundant within a different range (Hutchinson 1961). Dunson and Travis 
(1991) argue that abiotic factors and physiological responses to those factors determine the 
conditions that modify dominance relationships, and that they play a major role in determining 
habitat segregation among closely related species (i.e., differences in abundance of species 
among communities). 
It also seems clear that the relative importance of either the abiotic or biotic 
components in accounting for differences in community composition varies with the amount 
of heterogeneity in the abiotic environment. High heterogeneity in a landscape (e.g., a steep 
moisture gradient) may place more importance on the abiotic environment, while low 
heterogeneity in a landscape may place more importance on the biotic environment. Thus, not 
only is the abiotic environment important from the aspect of the coupling between abiotic and 
biotic factors, but the amount of variation in the abiotic environment is also important in 
defining the relative contribution of each component to the abiotic-biotic interaction. 
In this study, the influence of the abiotic environment on the species composition of 
grassland communities was investigated at the physiological level. The study area was native 
grassland vegetation in the Loess Hills landform in western Iowa. Formed from extensive 
deposits of loess, or wind-deposited silt, during the Wisconsinan Glacial Stage, the Loess Hills 
landform is one of Iowa's most distinctive physiographic regions (Bettis et al. 1986, Prior 
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1991). Because of the rugged character of this region, native habitats have endured better 
than in most of Iowa and consequently the Loess Hills contains the majority of Iowa's 
remaining prairie (Farrar et al. 1985, Roosa et al. 1986). The heterogeneity in topography in 
the Loess Hills results in a steep soil moisture gradient over a small spatial scale (Rosburg et 
al. in preparation), and concomitantly, the abiotic component of the environment may control 
relatively more of the variation in community composition than the biotic component. This 
feature makes the Loess Hills an ideal location to study the effects of abiotic factors (i.e., 
microclimate) on plant physiology and abundance in the community. In a previous study, 
variation among the species composition of eight grassland communities described in the 
Loess Hills was mostly dependent on three topographic variables- slope azimuth, relative 
elevation, and slope angle (Rosburg et al. in preparation). Slope azimuth and relative 
elevation were the most important abiotic factors affecting the primary composition gradient, 
which evidently encompassed a soil moisture gradient. Therefore, the present study focused 
on the effect of slope azimuth on microclimate and on the photosynthetic rates of several 
species that occurred in the various microclimates that occurred on different slope aspects. 
The objectives of this study were 1) to quantify variation in the microclimates of 
different aspects due to variation in slope azimuth, 2) to quantify variation in photosynthesis 
of species inhabiting different aspects and to determine if photosynthesis is influenced by 
microclimate, 3) to ascertain if community composition, i.e., species' abundances in 
communities, is related to their photosynthetic activity, and 4) to determine the nature of the 
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relative importance of abiotic and biotic factors in determining species' abundances in a 
community. 
Much of the previous research concerned with microclimates in grasslands has been 
directed at differences in the microclimates associated with burned and unbumed grasslands 
(e.g., Anderson 1965, Ewing and Engle 1988, Knapp 1984, Old 1969, Redmann 1978, Rice 
and Parenti 1978), There appears to have been very little research conducted on the effect of 
topography on grassland microclimates, in contrast to numerous reports for forest vegetation 
(e.g., Wolfe et al. 1949, Potzger 1939, Leuschner and Schulte 1991), although Daubenmire 
(1942) described distinct grassland/shrub communities associated with north and south slopes 
of the Palouse Hills of southeastern Washington. Microclimate observations of air and soil 
temperatures, wind, relative humidity, and evaporation reported by Whitman and Wolters 
(1967) for mixed grass prairie in southwestern North Dakota were from one station located 
on level terrain and addressed the variation in microclimate along a vertical gradient. 
Likewise, most ecophysiological studies in grasslands have been directed at the effects 
of fire (e.g., Knapp 1984, Knapp 1985, Knapp and Gilliam 1985, Redmann 1978) or the effect 
of drought and/or rainfall (e.g.. Hake et al. 1984, Knapp 1985, Martin et al. 1991). The 
influence of topography on the ecophysiology of grassland species has been investigated in the 
Nebraska Sandhills by Barnes and Harrison (1982), who measured soil moisture and leaf 
water potentials of dominant grasses along one west-facing transect that traversed a dune 
from top to bottom. Their data suggested that temporal and spatial differences in the 
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availability of soil moisture existed along the topographic gradient and that differences in 
water stress among species may be an important factor in community composition. 
An important component of this study is the integration of intensive studies of the 
microclimates associated with topographical variation and the photosynthetic capabilities of 
plant species inhabiting those microclimates with extensive studies of the species composition 
of grassland communities characteristic of the Loess Hills landform. 
FELD METHODS 
Microclimate, soil moisture, and ecophysiological observations were made on two 
sites that occupied the upper portion or peaks of two hills approximately 500 m apart, in the 
Loess Hills Wildlife Area in Monona County, Iowa (42.1°N, 96.0°W, Fig. 2). Measurement 
stations were established at each site on roughly similar slopes; three aspects were selected at 
site 2 and four aspects at site 9 (Table 1). At site 2, measurement stations encompassed an 
area about 10 m in diameter centered 12-13 m down slope from the peak. On the peak at site 
9, which was considerably larger than the peak at site 2, measurement stations encircled an 
area approximately 15 m in diameter centered about 15 m down slope from the peak. Some 
microclimate and soil moisture measurements were also made on top of the peaks. 
Microclimate Measurements 
Microclimate observations were recorded during five measurement periods over the 
1990, 1991, and 1992 growing seasons (measurement period refers to time within the 
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Figure 2. Location of the Loess Hills Wildlife Area in the Loess Hills landform along 
Iowa's western border, with an enlarged view of the portion of the Wildlife 
Area where study sites 2 and 9 were located. Measurement stations were 
established on the indicated slope aspects. 
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Table 1. Topographic characteristics of the microclimate and ecophysiological stations at 
sites 2 and 9, in the Loess Hills Wildlife Area, Monona County 
Station Azimuth n Slope angle O 
mean (range) 
Site 2 Site 9 Site 2 Site 9 
Northeast (NE) — 47 ~ 25 (24-26) 
East (E) 102 24 (17-31) 
East-southeast (ESE) — 112.5 34 (30-37) 
South (S) 194 29 (17-39) — 
Southwest (SW) — 232 — 33 (30-35) 
Northwest (NW) 335 318 20 (17-24) 28 (27-28) 
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growing season). In 1990, microclimate measurements were made only at site 2 on June 27-
29. In 1991 and 1992, microclimate was measured only at site 9. Measurement periods in 
1991 were June 2-4, July 11-15, and August 6-14. In 1992, microclimate measurements were 
made on May 2-4. For each measurement period, microclimate sensors were placed within 
the measurement stations on the aspects. Sensors were connected to either a Campbell 21X 
datalogger or a temperature logger built in the Department of Botany at Iowa State 
University. Dataloggers were programmed to receive sensor input at one-minute intervals and 
then calculate five-minute averages for an observation. Thus for one 24 hour period, 288 
observations (12 per hour for 24 hours) were recorded fi-om each sensor. 
Photon flux density (PPFD) of photosynthetically-active radiation (0.4-0.7 //m) was 
measured with one Licor Quantum sensor placed in the middle of a flat platform 
(approximately 40 cm x 60 cm) on a slope angle that appeared representative of the slope in 
the measurement station (i.e., the sensor was at the same angle and azimuth as the general 
slope). Measurements of PPFD on the top of the peak were made only at site 9. Shortwave 
radiation was measured with an Eppley black and white pyranometer on the top of the peak 
during June 27-29 at site 2 and May 2-3 at site 9. 
Air temperatures were measured with shielded copper-constantan thermocouples at 10 
cm and SO cm heights. Soil temperatures were measured with thermocouples placed at S cm 
and 10 cm depths. For each of the measurement periods at site 9, four thermocouples were 
placed within a measurement station at each air and soil position. During June 27-29 at site 2, 
soil temperatures at the 10 cm depth and air temperatures at the 50 cm height were measured 
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with two thermocouples instead of four. Also, air temperatures at the 10 cm height were not 
measured. Soil temperatures and air temperature at the 10 cm height were measured on the 
slopes but not on top of the peak. Air temperature at the 50 cm height on top of the peak was 
only measured at site 2 during the June 27-29 measurement period. 
Relative humidity was measured at each station with one shielded Phys-Chem Model 
207 Temperature & Relative Humidity Probe at a height of 75 cm. The effect of aspect on 
relative humidity was measured only at site 9 during all measurement periods. Relative 
humidity on top of the peak was measured only at site 2 during the June 27-29 measurement 
period. 
Wind speed was measured with RM Young Wind Sentry Anemometers. Wind speed 
at each station was measured during all five periods with either one or two anemometers per 
station. Wind speed and direction (Met One Wind Direction Sensor) was measured on top of 
the peak during all four measurement periods at site 9. Anemometers were place at a height 
of 75 cm. The wind direction sensor was placed at a height of 1 m during the June 2-4 
measurement period, and at a height of 2 m during the other three periods at site 9. 
Soil Moisture Measurements 
Soil moisture was measured during the 1992 growing season at both sites 2 and 9 on 
May 1, June 4, July 11, July 27, and August 23. (The June, July, and August sample periods 
correspond to dates when ecophysiological measurements were made). At site 9, soil samples 
were collected at the top of the peak and at 10-m intervals along transects down each of the 
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four aspects for a distance of 60 m. At site 2, soil samples were collected at the top of the 
peak and at 10-m intervals along transects down the northwest and east aspects for 30 m and 
the south aspect for 40 m. At each sample location, three soil cores 40 cm deep and 2 cm in 
diameter were removed. Each core was divided in half (referred to as the upper and lower 20 
cm), and the halves were placed in air-tight metal cans. Moisture content was determined 
gravimetrically after the soil samples were oven-dried at 60°C. 
Ecophysiological Measurements 
In 1992, ecophysiological measurements were made on plant species at both sites 2 
and 9 on June 3 and 5, July 8 and 10, July 25-27, and August 21-22. Measurements of carbon 
exchange rate (CER) were made with the portable gas exchange system described by Jurik et 
al. (1990), but with air temperature not controlled. Measurements used ambient CO2, 
humidity, and air temperature. Selection criteria for plant species were that the species be 
present on all aspects at both sites and that it have a leaf morphology that could be easily 
measured. Photosynthetic rates of big bluestem (Andropoeon perardiiV side-oats grama 
fBouteloua curtipendulaV and purple coneflower (Echinacea anfzustifolia') were measured on 
all aspects at both sites 2 and 9 during all measurement periods. Two additional species were 
measured during all periods at one of the sites. Laadplant (Amorpha canescens") was 
measured on all aspects at site 2, and rigid goldenrod (Solidago rieida') was measured on all 
aspects at site 9. Big bluestem and side-oats grama are C4 grasses (Waller and Lewis 1979), 
while purple coneflower and rigid goldenrod are C3 forbs, and leadplant is a suffhiticose C3 
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shrub. 
Species measurements of CER were made on a site over the course of one day. 
During any measurement period, the two sites were always visited within at most a three day 
period. An effort was made to select days that were more sunny than cloudy. The procedure 
followed at all measurement periods was to begin in the morning on the easterly aspect and 
work around the peak from east to south to west to north. Species measurement of CER at 
site 2 began on the east aspect and at site 9 measurement began on the northeast aspect. For 
each species, five individuals were selected within the measurement station. A mature leaf 
was placed in the chamber of the IRGA and the chamber oriented towards the sun to 
maximize PPFD. CER was monitored and when it appeared to reach a maximum, typically 
after 1 to 2 minutes, CER, PPFD, air and leaf temperature, and air humidity in the chamber 
were recorded. After measurements of five individuals of each of the four species (three 
common to both sites and one specific to each site) were finished, equipment was moved 
around the peak to the next measurement station. All measurements made on the first pass 
around the peak constituted the first measurement time (measurement time refers to time 
within a day). After finishing these measurements, a second trip around the peak began. All 
measurements made on the second trip around the peak constituted the second measurement 
time. There were a few instances when either equipment failure or stormy weather prevented 
completion of the second pass, thus replication among aspects (stations) was not balanced. 
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Population and Community Measurements 
The abundance of species in communities was measured in 2 m x 5 m community 
samples by subsampling with 40 quadrats, each 25 cm x 25 cm (0.0625 m^), in a stratified 
random design. The species observed in each quadrat were assigned a presence index of 
either 1, 2, or 3, that represented either a low, medium, or high presence, respectively (Table 
2). Non-graminoid herbaceous species were measured by counting stems or, in the case of 
acaulescent species, apparent clumps or crowns. Because of their multi-tiller growth habit, 
graminoid species were measured with basal area. The method is more individual-based than 
traditional cover measurements, and the index has the effect of weighting the presence of 
"individuals" by their vigor, thus the term weighted frequency best describes the measurement. 
The nonlinear scale of the "weighting factor" was devised to help normalize species 
distributions. For each species, the sum of its indices in all 40 subsamples was recorded as its 
frequency, or quantitative importance, in a community sample. 
At site 2, community samples were measured at the top of the peak and at 5-m 
intervals along transects down the northwest and east aspects for 30 m and the south aspect 
for 40 m. Thus for site 2, a direct comparison of the physiological response of plant species 
to microclimate with their abundance in the community can be made. Community samples 
were not measured at site 9. However, in an extensive study of the prairie communities in the 
Loess Hills, 221 community samples of grassland vegetation were collected throughout the 
Loess Hills landform (Rosburg et al. in preparation). For those species with ecophysiological 
measurements, their average abundance on slopes similar to those at sites 2 and 9 was used in 
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Table 2. Indices used to record species presence in 
40 subsamples (25 cm x 25 cm quadrats) 
per community sample. 
presence index 
1 
low 
2 
medium 
3 
high 
forbs 
(stems or crowns) 1 to 3 4 to 8 9 or more 
woody 
(stems) 1 to 2 3 to 5 6 or more 
graminoids 
(basal area) up to 10% 11 to 45% 46 to 100% 
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a test for the association between species physiology and importance in community 
composition. 
ANALYTICAL METHODS 
Microclimate 
Observations for all microclimate variables (PPFD, air and soil temperature, relative 
humidity, and wind speed) were assigned to one of three measurement times within the day: 
morning (suruise to solar noon), afternoon (solar noon to sunset), and night (midnight to 
sunrise plus sunset to midnight). PPFD and wind were integrated over each of these three 
times to obtain measures of total PPFD and total wind. The potential global shortwave 
radiation (sum of direct, diffuse, and reflected) was calculated for each measurement station 
during each measurement period with the following equations (Gates 1980): 
SiU = 5ot"""''^COS/ 
SiM = S, (0.271 - 0.294x<"*'"''>) cos (90 - a) 
1 SO 
"Sref ~ 0.15 (iSdii(hor) •^diilbor)) jgQ 
where i'dir = direct shortwave radiation, 5dif = diffuse shortwave radiation, .Sref = reflected 
shortwave radiation, and other terms are defined below. Both direct and diffuse shortwave 
radiation depend on the shortwave incident on the atmosphere (^o): 
So = S,{6J<\f 
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where Sc (solar constant) = 1360 W dm = mean distance between earth and sun, d = 
distance between earth and sun (constant for a given day), t (transmittance of the atmosphere) 
= 0.6, and; = angle of incidence (the angle between the sun and the normal to the slope). The 
cos /• term was determined with the following equation; 
cos /• = cos a, cos a cos(a - a.) + sin a, sin a 
where a = solar altitude, a, = slope altitude (i.e., 90 - slope angle), a = solar azimuth, and 
a, = slope azimuth. The sin a term was derived from the following equation: 
sin a = sin (|) sin 6 + cos (}> cos 5 cos h 
where (j> = latitude, 5 = solar declination, and h = solar hour angle. 
Because the loss of water by plants through transpiration is dependent on the 
difference in water vapor pressure between plant cells and the air, relative humidity was 
transformed to water vapor pressure using the following equation (Jones 1983): 
e = /j[o.61078exp((l7.269 x 7')/(237.3 + 7))] 
where e = water vapor pressure (in kPa), h = relative humidity, and T= temperature (°C). 
For air and soil temperatures and water vapor pressure, the mean value within each 
measurement time was computed, as well as the daytime mean (from sunrise to sunset), the 
24-hour mean, and the daily maximum and minimum. The average of these daily statistics 
within each measurement period was calculated for an estimate of the effect of slope azimuth 
on microclimate variables during a specific time of the growing season. Within each day, the 
frequency of wind direction from one of eight azimuth sectors (north, northeast, east, 
southeast, south, southwest, west, and northwest) was calculated. 
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Regional air temperatures were obtained from weather stations located at the Iowa 
State University Experimental Farm near Castana and the city of Onawa, approximately 10 
and 12 km distant from the study site, respectively. The average daily maximum air 
temperature was calculated for each of the measurement periods. 
Soil Moisture and Carbon Exchange Rate of Species 
The observational unit in this study is a slope aspect or measurement station. Thus 
true replication (and statistical inference at the landscape scale) was achieved by analyzing the 
two sites as replicates. Pseudoreplication is a common problem in ecological studies and is 
not necessarily wrong unless the investigator unknowingly misapplies statistical inference 
(Hurlbert 1984). In this study, the analysis with sites as replicates allows inference at the scale 
intended in the design, at the landscape scale. However, because there were uncontrollable 
differences between the environments at the sites (e.g., slope angle and neighborhood species) 
local effects may not be manifest at the landscape scale. Thus an analysis that uses the 
observations within a measurement station at a site as replicates (i.e., pseudoreplication) may 
be helpful, but inference can only be made at the level of site. In this study, analysis of 
variance (ANOVA) was used to detect differences in soil moisture and CER among aspects at 
the landscape scale (true replicates) and at the local scale (pseudoreplicates). For soil moisture 
analyses, the design was cross-classified with either three or four aspects (ESE, SSW, NW, 
and NE) and two depths (upper and lower 20 cm cores). Likewise, for CER analyses the 
design was cross-classified with three or four aspects and two measurement times (first and 
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second). To control for the variation in CER that was due to low levels of PPFD, only the 
observations of CER that were made at a PPFD of 800 nmol m"^ s"' or greater were included. 
Pearson product moment correlation was used to determine if there were associations 
between soil moisture and the CER of species, between soil moisture and species abundances 
in the community, and between the CER of species and their abundances in the community. 
Only measurements of CER made during the first measurement time were used in calculating 
the CER observation for each species, to avoid bias from occasional missing data for 
measurement time two. For each species, four observations of CER were used, one for each 
of the four measurement periods for CER. Two soil moisture observations representing the 
upper and lower cores (the mean from three replicates at site 2 and six replicates at site 9) 
were included within each of the four measurement periods of CER. 
Species' abundances in the community were assessed directly and indirectly. A direct 
assessment of the association between CER and species abundance was made with 
observations fi^om site 2. Two community samples were located 10 and 15 m below the peak 
on each azimuth, either in or very near the measurement stations. Thus, for each species an 
average frequency, or abundance in the community, and CER were measured on each aspect. 
Four independent correlations were calculated, one for each of the four measurement periods 
for CER. In the indirect assessment, a measure of each species's abundance in the community 
was derived fi-om measurements of community composition collected extensively in the Loess 
Hills. Two approaches were used to select community samples that occurred in very similar 
topographic positions to the seven measurement stations where soil moisture and CER were 
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measured (Table 1). In a restricted approach, the only community samples selected were from 
the Loess EQlls Wildlife Area, had an azimuth within a 30® arc centered on the azimuth of a 
measurement station, and were either 10 or 15 m below the top (for stations at site 2) or 10, 
15 or 20 m below the top (for stations at site 9). In a more liberal approach, all community 
samples located in the Loess Hills landform with an azimuth within a 45° arc centered on the 
azimuth of a measurement station and that were either 10 or 15 m below the top (for stations 
at site 2) or 10, 15, or 20 m below the top (for stations at site 9) were selected. Species 
abundance, or performance on a particular aspect, was obtained by calculating the mean 
weighted frequency among all the community samples selected. Sample sizes ranged from as 
few as two for an aspect using the restricted approach to 14 for an aspect using the liberal 
approach. 
RESULTS 
Photosynthetic Photon Flux Density 
In general, the total irradiance (morning plus afternoon and measured as integrated 
PPFD) received on SSW and ESE aspects was higher than that on ME and NW aspects, as 
would be predicted from calculations of total potential shortwave radiation (Fig. 3), 
However, the relative differences in PPFD among slope aspects was often not as great as 
predicted from potential shortwave radiation because of cloud cover. The maximum 
difference in PPFD occurred between the peak (54.2 mol m'^ d"') and northeast aspect (41.4 
mol m'^ d"') during the May measurement period, which was a relatively cloud-free period. 
Figure 3. The effect of slope azimuth on daily photosynthetic photon flux density (PPFD) for morning (sunrise to solar noon, 
AM) and afternoon (solar noon to sunset, PM), and on daily total potential shortwave radiation (PSR) for five 
measurement periods. 
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The May PPFD measurements had the highest overall PPFD because the other measurement 
periods were apparently influenced by considerable cloud cover. The calculations of potential 
shortwave radiation indicate that highest potential radiation levels occur between early June 
and early July, near the summer solstice. Also, during this period of highest potential 
shortwave radiation, the potential difference in shortwave radiation among slope aspects 
decreases relative to times earlier or later in the growing season. East-southeast and 
southwest aspects potentially receive nearly 4 MJ m'^ d"' more shortwave energy than 
northeast and northwest aspects, but again the actual difiTerences depend considerably on the 
amount and timing of cloud cover. 
A consistent difference in PPFD among slope aspects was the daily distribution. 
Easterly aspects received 57 to 68 % of daily PPFD in the morning, while westerly aspects 
received 54 to 69 % of total PPFD in the afternoon (Fig. 3). Again, the exact proportion 
depended on the pattern of cloud cover throughout the day. 
Air Temperatures 
Nighttime air temperatures were fairly uniform among slope aspects. The maximum 
differences among aspects were similar for either the 10 or 50 cm heights and ranged from 0.1 
to 1.0°C (Table 3). Morning and afternoon temperatures were more variable among slope 
aspects; the maximum differences observed among slope aspects ranged from 0.5 to 4.9°C. 
Except for one measurement period, the differences in air temperature among slope aspects 
were 2.0 to 3.0°C greater at the 10 cm height than at the 50 cm height (Table 3). Differences 
Table 3. Daily mean vapor pressures, daily mean air and soil temperatures, and the maximum difiference (mxd) among slope 
aspects for morning (AM), afternoon (PM), and night (NT) times of day (tod) for five measurement periods. Within 
each time of day and measurement period, highest observations are in boldface and lowest observations are 
underlined. 
Measurement Period 
May 2-4.1992 June 2-4, 1991 June 27-29,1990 July 11-15,1991 
Var tod NE ESE SW NW mxd NE ESE SW mxd E S NW mxd NE ESE SW mxd NE ESE SW NW mxd 
vapor AM 0.67 0.66 0.65 0.61 0.06 2.50 2.41 2.50 0.09 - - - - 2.49 2.64 2.43 0.21 1.95 2.01 1.96 1.94 0.07 
press. PM 0.54 0.50 0.51 0.48 0.06 2.43 2.39 2.56 0.17 -
- - -
150 2.52 2.70 0.20 1.76 1.81 1.83 1.83 0.07 
(kPa) NT 0.56 0.53 0.52 0.50 0.06 2.09 2.12 il7 0.08 
- -
- -
2.06 2.06 2.13 0.07 1.69 1.77 1.73 1.73 0.08 
soil T. AM 15.8 16.7 16.3 15.3 1.4 22.3 22.9 21.2 1.7 26.0 25.6 24.7 1.3 22.9 23.8 22.1 1.7 21.8 23.0 22.1 20.9 2.1 
10 cm PM 20.2 22.1 22.2 18.9 3.3 26.2 27.0 26.2 0.8 30.1 30.4 29.1 1.3 27.1 29.3 26.3 3.0 25.2 26.6 26.7 24.6 2.1 
(C) NT 16.5 17.5 19.0 17.6 2.5 22.2 22.7 22.9 0.7 - - - - 23.1 23.7 22.3 1.4 22.5 22.8 23.9 22.4 1.5 
soilT. AM 17.1 19.1 16.6 15.5 3.6 23.5 24.8 21.7 3.1 28.6 27.3 25.9 2.7 24.0 25.6 23.2 2.4 22.9 24.3 22.2 21.0 3.3 
5 cm PM 21.9 24.1 25.1 21.4 3.7 27.2 27.9 28.1 0.9 31.6 34.4 32.4 2.8 28.2 31.1 27.4 3.7 26.4 27.8 29.3 27.4 2.9 
(C) NT 15.5 16.0 17.8 17.0 2.3 ZlA 21.7 22.2 0.8 - - - — 22.3 22.6 UA 1.1 21.7 21.7 22.8 21.4 1.4 
airT. AM 18.0 21.2 18.5 17.1 4.1 24.4 25.6 m 2.4 - - - - 25.3 25.8 24.4 1.4 23.7 25.2 23.0 22.1 3.1 
10 cm PM 23.4 25.1 28.3 26.3 4.9 25.6 25.4 27.5 2.1 
- - - -
28.3 28.4 214 1.0 26.5 26^ 30.1 29.3 3.6 
(C) NT 12.7 12.4 12.8 12.7 0.4 18.8 18.9 19.1 0.3 
- - - -
19.0 18.9 18.2 0.8 18.6 18.2 18.2 17.6 1.0 
airT. AM 16.7 17.6 16.5 16.1 1.5 22.7 22.5 22.2 0.5 28.6 27.9 28.4 0.7 23.1 24.6 22.4 2.2 22.0 23.3 21.8 21.8 1.5 
50 cm PM 22.9 23.8 24.6 23.7 1.7 24.5 24.3 24.8 0.5 32.4 33.2 34.0 1.6 26.8 27.9 25.9 2.0 25.5 25.8 27.1 26.9 1.6 
(C) NT 13.3 13.4 13.6 13.6 0.3 19.5 19.6 19.5 0.1 - - - - 19.7 19.3 19.0 0.7 18.9 18.3 18.3 18.0 0.9 
151 
among slope aspects in air temperature at the 10 cm height tended to be greater at times 
earlier and later in the season, while differences in air temperature at the 50 cm height were 
more consistent throughout the season. 
Mean daytime air temperatures at the 50 cm height were fairly uniform among slope 
aspects (Fig. 4). For three of the measurement periods, the difference between the warmest 
and coolest mean temperature among slope aspects was less than 0.6°C. The greatest 
difference in 50 cm temperatures was 3.2°C between the peak and the south and east aspects 
at site 2 during the June 27-29 period. This measurement period was clearly the warmest. 
The regional maximum daily temperatures were 6.0 to 8.8°C higher than during any of the 
other periods (Fig. 4 and 5). 
Except for the July 11-15 period, mean daily maximum air temperatures at 50 cm were 
highest on westerly aspects (southwest or northwest), which were between 2.1 to 2.7°C 
warmer than northeast and east aspects (Fig. 4). The mean daily maximum air temperature at 
50 cm on the northeast aspect was most similar to the regional daily air temperature. The 
maximum daily air temperature at 50 cm on other aspects was usually 1.0 to 2.0°C higher than 
the regional air temperature. 
Air temperatures at 10 cm were consistently wanner than air temperatures at 50 cm. 
Mean daytime air temperatures were generally between I.O and 3.0°C warmer at 10 cm (cf 
Fig. 4 and 5; also Table 3), while mean daily maximum air temperatures were typically 3.0 to 
6.0°C warmer (cf Fig. 4 and 5). The greatest differences in mean daytime air temperatures at 
10 cm among aspects were 2.7°C and 1.5°C, which occurred between the southwest and 
Figure 4. The effect of slope azimuth on daytime average (average of observations between sunrise and sunset) and daily 
maximum air temperatures at a height of 50 cm for five measurement periods, and a comparison with regional daily 
maximum air temperatures recorded at two nearby weather stations. 
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northeast slope aspects during the May and August measurement periods, respectively (Fig 5). 
However, much greater differences were observed in the mean daily maximum air 
temperatures at 10 cm. Mean daily maximum air temperatures at 10 cm on southwest aspects 
were 6.8, 5.0, and 3.3°C warmer than northeast aspects during the May, August, and June 
measurement periods, respectively (Fig 5). 
Air temperatures at both the 10 and 50 cm heights during the July measurement period 
did not follow the typical pattern observed. The daily daytime mean and maximum air 
temperatures were highest on the east-southeast aspect and lowest on the southwest aspect 
(Fig. 4 and 5). This deviation in pattern occurred despite higher PPFD levels on the 
southwest aspect (Fig. 3). 
Diurnal fluctuations in air temperatures, especially those at the 10 cm height, were 
often very similar to the diurnal fluctuations in PPFD (Fig. 6). The timecourse in Figure 6 
also illustrates a pattern of more patchy cloudiness during the afternoon, which was fairly 
typical during this study. It is also apparent that intervals of cloud cover greatly minimize 
differences in PPFD and air temperature among slope azimuths (Fig. 6). 
Soil Temperatures 
Differences in soil temperatures among slope aspects were greater at the 5 cm depth 
than at the 10 cm depth (Table 3). At both depths during the morning period, the greatest 
difference in soil temperature among slope aspects was usually between the east-southeast 
aspect (high temperatures) and either the southwest or northwest aspects (low temperatures). 
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Figure 6. A time course of piiotosynthetic photon flux density (PPFD) and and air 
temperature at 10 cm height on four different slope azimuths at site 
9 for 10 August 1991. 
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This east-greater-than-west difference corresponds to the difference between PPFD. During 
the afternoon period, the pattern in soil temperature differences was more variable. At the 5-
cm depth the highest soil temperatures typically occurred on the south or south-west aspects, 
but the lowest 5 cm depth soil temperatures occurred on either northeast, east, or northwest 
aspects, thus the east/west pattern observed during the monung period was not as consistent. 
Afternoon soil temperatures at the 10 cm depth deviated even more from the pattern expected 
based on differences in PPFD. Highest temperatures were recorded on east-southeast aspects 
during two measurement periods and lowest temperatures were consistently recorded on 
northwest or southwest aspects (Table 3). There was a trend for soil temperatures at both 
depths to be more different among aspects during the night period than were air temperatures 
during the night. Soil temperatures during the night were usually highest on southwest 
aspects and lowest on northeast aspects. 
These deviations in the pattern of soil temperatures from PPFD and air temperature 
patterns suggest that there was a lag in soil temperature relative to PPFD and air temperatures 
(Fig. 7). Because of this lag, the variation in soil temperatures among aspects was compared 
with 24-hour means rather than daytime means. During the measurement periods early and 
late in the growing season, the mean daily 24-hour soil temperatures at the 5 cm depth were 
1.0 to 1.5°C warmer on east-southeast and southwest aspects than on northeast and northwest 
aspects (Fig. 8). During the measurement periods closer to the middle of the growing season, 
the mean daily 24-hour soil temperatures at the 5 cm depth were generally higher on the east-
southeast aspect than on the southwest aspect, although during the warmest measurement 
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Figure 7. A time course of photosynthetic photon flux density (PPFD) and air and 
soil temperatures for two slope azimuths at site 9 on 3 May 1992. 
Figure 8. The effect of slope azimuth on the 24-hour average and daily maximum soil temperatures at a depth of 5 cm for five 
measurement periods. 
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period (June 27-29) soil temperatures at the 5-cm depth were about 1.0°C warmer on the 
south aspect than the east (Fig. 8). 
The pattern of variation in the mean daily maximum soil temperatures at the 5-cm 
depth among aspects was very similar to the pattern in variation in the mean daily 24-hour soil 
temperatures at the 5-cm depth. However, the absolute differences in the mean daily 
maximum soil temperatures among aspects was typically 0.5 to 4.0°C greater than the 
differences in the 24-hour mean (Fig. 8). 
Wind Speed and Direction 
There was great potential for slope aspect to affect daily total wind movement. The 
windward aspect and peak received up to 7.7 and 10.1 times as much daily total wind, 
respectively, as leeward aspects (Table 4). Daily total wind among aspects ranged from 0 to 
537 km, while on the peak it ranged from 0 to 675 km. Daily total wind on the peak exceeded 
daily total wind on the windward aspect on 15 of 18 days (83%). Two of the three days when 
wnd on the peak was less than on the windward aspect occurred during the measurement 
period of June 2-4, when the sensor on the peak was at a lower height (approximately 1 m) 
than at the other measurement periods. Out of the 21 days wind measurements were made 
(over 3 growing seasons), there were 18 days (86%) when total daily wind exceeded 100 km 
on one of the aspects (Table 4). 
There was a trend for slightly more wind during the afternoon than during the morning 
(Fig. 9). During the four measurement periods when wind was monitored 24 hours a day, a 
Table 4. Daily total wind among aspects and peak for measurement periods at sites 2 and 9 (June 1990 does not include night). 
Also daily wind direction frequencies, along with the period averages and the overall average, are presented for site 9. 
Daily Total Wind (km) 
Measurement Site 2 Site 9 Wind Direction Frequency (%) 
Period Day E S NW ME ESE SW NW Peak N NE E SE S SW W NW none 
2 — - - 491.5 138.3 261.0 523.6 674.9 0.3 0.0 0.0 0.0 0.0 0.0 40.2 59.5 0.0 
May 1992 3 - - - 241.7 210.0 82.4 123.8 328.5 3.8 19.5 47.3 5.5 3.8 4.5 5.2 10.4 0.0 
4 - - - 323.4 215.3 128.0 239.5 457.1 3.1 23.6 18.1 21.2 6.9 8.0 10.8 17.4 0.0 
ave 2.4 14.4 21.8 8.9 3.6 4.2 18.7" 
...™. ............ 
2 — — — 87.0 91.0 100.2 — 176.1 0.7 5.2 5.6 23.3 28.1 28.5 5.2 3.1 0.3 
June 1991 3 — — - 267.7 266.1 92.9 - 199.2 1.1 5.9 13.5 64.2 11.5 1.7 1.1 1.1 0.0 
4 - - - 515.9 537.6 132.7 - 270.1 1.0 6.2 31.6 47.5 7.6 0.7 3.1 2.1 0.0_ 
ave "" 0.9' 5r8 leT 45.0 "l5.7~ ""10.3" IT 2."i oT 
27 188.6 185.4 74.8 — _ — — — — — _ — — — — — — 
June 1990 28 205.2 190.9 86.5 - - - - - - - - - - - - - -
(daytime) 29 88.1 44.0 51.4 - - - - - - - - - - - - - -
11 — — — 77.0 76.7 75.1 — 127.8 0.0 0.0 5.2 30.9 14.1 22.6 21.1 0.3 5.6 
12 — - - 155.6 40.0 138.8 - 250.4 0.0 0.0 0.0 0.0 1.1 21.6 47.4 30.0 0.0 
July 1991 13 - - - 188.7 70.1 39.1 - 154.2 1.7 3.5 18.7 16.7 6.6 8.7 11.2 29.7 3.1 
14 — — — 168.6 175.3 114.6 — 198.8 0.0 0.0 7.0 63.0 27.9 2.1 0.0 0.0 0.0 
15 — — - 225.5 267.4 284.5 - 458.1 0.0 0.0 0.0 12.9 77.8 9.4 0.0 0.0 0.0 
ave 0.3 6'.2 " "24.7" T2.r ""12.0" 
8 _ _ _ 194.8 108.0 49.9 151.6 296.5 34.8 50.2 2.5 0.7 0.0 2.1 2.8 6.6 0.3 
9 — — - 217.5 173.8 28.1 70.4 227.7 2.4 48.5 47.7 1.4 0.0 0.0 0.0 0.0 0.0 
10 — — - 113.5 93.0 16.3 45.0 164.5 9.4 28.9 40.3 2.1 0.0 1.0 8.4 8.0 1.8 
Aug. 1991 11 — — - 184.5 175.0 25.0 31.1 219.5 1.4 8.0 55.3 31.1 0.0 1.4 1.0 1.7 0.0 
12 — — — 121.0 117.2 22.1 36.4 182.2 5.2 9.1 37.8 24.3 2.8 9.7 6.9 2.8 1.4 
13 — — — 33.1 15.9 9.9 31.7 75.8 8.0 18.4 0.4 0.7 1.8 0.4 8.7 16.0 45.8 
14 - - - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0 
ave 
........... 
TO" "26.3" ""2.1"' "To" 
...™. 
""2T.T 
overall ave 4.1 12.6 18.4 19.2 10.6 6.8 9.6 10.5 8.8 
Figure 9. The effect of slope azimuth on total wind for morning (sunrise to solar noon, AM), afternoon (solar noon to sunset, 
PM), and night (midnight to sunrise plus sunset to midnight) times of day during five measurement periods. 
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third or more of the daily total wind occurred consistently during the night. Depending on 
measurement period, the night measurement time was between IV2 and 3 hours longer than 
either the morning or afternoon times. 
Wind direction varied considerably; on some days it was consistent in direction 
(recorded from only two or three azimuth categories) whereas on other days wind was 
recorded from all eight azimuth categories (Table 4). During three days in eariy May, wind 
was primarily from the north, east, and west. In June (three days), wind direction was mostly 
from the south and east. Wind during July (five days) was primarily from the south, while in 
August (seven days) wind was principally from the east. 
Although there was a consistent pattern between the direction and amount of wind 
(more wind on windward slopes), there were a few instances when the pattern was less clear. 
For example, at site 9 on 15 July 1991, nearly 78% of the wind was from the south and 0% 
from the northeast, yet the northeast received nearly 80% as much wind as the south (225.5 
km vs. 284.5 km). The northeast slope at site 9 frequently received more wind than expected 
based on wind direction. 
fVa/er Vapor Pressure 
During measurement periods early and late in the growing season (May and August), 
there appeared to be very little difference in water vapor pressure among slope aspects. A 
difference greater than 0.15 kPa occurred during the measurement periods in June and July 
(Table 3). In June during both morning and afternoon periods, water vapor pressure was 
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greatest on the southwest aspect and lowest on the east-southeast aspect. In July during the 
morning period, water vapor pressure was highest on the east-southeast aspect and lowest on 
the southwest aspect, while during the afternoon period water vapor pressure was highest on 
the southwest aspect and lowest on the northeast aspect. 
The difference in water vapor pressure between southwest and east-southeast aspects 
in June 1991 corresponds to a clear difference in wind. High water vapor pressure on the 
southwest aspect was associated with low wind (Fig. 10). However the differences in water 
vapor pressure in July 1991 were not associated with wind; instead higher water vapor 
pressure occurred on aspects receiving higher PPFD (Fig. 11). 
Soil Moisture 
Differences in soil moisture due to aspect were detectable at the local scale (sites) 
more often than at the landscape scale (sites analyzed as replicates)(Table 5). Differences in 
soil moisture due to slope azimuth and between upper and lower cores at the landscape scale 
occurred only on 11 and 27 July, when recent precipitation was either low or high (Fig. 12). 
At the local scale, differences in soil moisture due to slope azimuth occurred in eight of nine 
instances (89%) and differences between upper and lower soil cores occurred in six of nine 
instances (67%). Slope azimuth and depth interaction occurred only once, at site 9 on 1 May, 
when the ratio of soil moisture in the upper core to that in the lower core was much higher on 
the northeast and northwest aspects than the other slope aspects. 
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Figure 10. A time course of water vapor pressure and wind speed for three different 
slope azimuths at site 9 on 4 June 1991. 
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Figure 11. A time course of water vapor pressure and wind speed for three different 
slope azimuths at site 9 on 14 July 1991. 
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Table 5. Summary of ANOVA results for the effect of azimuth (azm) and depth (dep) on 
soil moisture. Significant effects are indicated at three levels: * p^ 0.05, 
*• p^ 0.005, p^ 0.0005. Non-significant resuhs are indicated with "ns" and 
= not measured. 
Effects at Landscape Scale Effects at the Local Scale 
(true replication; sites (pseudoreplication: observations 
2 and 9 are replicates) within sites are replicates) 
Measurement site 2 site 9 
Period azm dep azm*dep azm dep azm*dep azm dep azin*dep 
1 May 1992 ~ - ~ - - ~ *** *** 
4 June 1992 ns ns ns ** ns ns ** ns ns 
11 July 1992 * * ns ** ns *** ns 
27 July 1992 ns * ns ns *** ns *** *** ns 
23 August 1992 ns ns ns * ** ns *** ns ns 
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Figure 12. The effect of slope azimuth on percent soil moisture during 1992 at sites 2 
and 9. Azimuth means are over both depths; those represented by different 
letters within a site and measurement period are significantly different. Bars 
indicate the average precipitation recorded at two nearby weather stations. 
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At both sites, southerly slope aspects were consistently drier than north- and east-
facing aspects (Fig. 12). At site 2, the south-facing aspect was significantly drier than the 
east-facing aspect at every measurement period except for 27 July, the measurement period 
that coincided with very recent precipitation events. At site 9, the southwest-facing aspect 
was significantly drier than the northeast-facing aspect at every measurement period (Fig. 12). 
Soil moisture on the northwest-facing aspect at site 2 was fairiy similar to the soil moisture on 
the south-facing aspect, but at site 9, soil moisture on the northwest-facing aspect was more 
often intermediate between the southwest and northeast-facing aspects (Fig. 12). Soil 
moisture on the east-southeast azimuth at site 9 was the most inconsistent, as it fluctuated 
between driest, intermediate, and wettest moisture levels throughout the growing season. 
The pattern of soil moisture in the upper and lower 20 cm soil cores was similar at the 
two sites (Fig. 13). Soil moisture in upper and lower cores was similar at the beginning of 
June, but after approximately three weeks of relatively dry weather the lower core had 
significantly more moisture than the upper core. This pattern was reversed later in the 
growing season. The upper core had significantly more moisture than the lower core when 
measured after recent precipitation events (Fig. 13). 
Carbon Exchange Rates and Community Abundance of Species 
Differences in the CER of species occurred much less frequently at the landscape scale 
than at the local scale and were equally caused by both time of day and azimuth (9 significant 
local effects due to each aspect and time of day) (Table 6). At the landscape scale, only the 
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Figure 13. Comparison of percent soil moisture at two depths during 1992 at sites 2 
and 9. Depth means are over all azimuths; those represented by different 
letters within a site and measurement period are significantly different. Bars 
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Table 6. Summary of ANOVA results of the effect of azimuth (azm) and time of day (tod) on CER of plant species. 
Significant effects are indicated at three levels: * p< 0.05, ** p^ 0.005, *** p^ 0.0005. Non-significant 
results are indicated with "ns" and = not measured. 
Effects at Landscape Scale Effects at the Local Scale 
(true replication: sites (pseudoreplication: observations within sites are replicates 
SDecies 
measurement 
period 
2 and 9 are reolicates) Site 2 Site 9 
azm tod azm*tod azm tod azm'tod azm tod azm^tod 
June 4 ns ns ns ns * * ns ns ns 
big July 9 ns *  ns * * ns ns * ns 
bluestem July 25 ns - — ns — - * * ns 
August 21 *  * **  ns » »» ns ns ns 
June 4 ns * ns ns ns ns **  ns ns 
side-oats July 9 ns ns ns ns ns ns ns ns ns 
grama July 25 ns - - ns - - * * * 
August 21 ns ns ns ns * ns ns ns ns 
June 4 ns ns ns *** *** ** * ns ns 
purple July 9 ns ns ns ns **  ns ns ns ns 
coneflower July 25 ns _ - *** - - ns ns ns 
August 21 ns ns ns ns ns *  ns ns ns 
June 4 — ns ns 
leadplant July 9 - - - * ns ns - - --
July 25 - - — ns - — - - — 
August 21 
— — — 
ns ns ns 
— 
— 
— 
June 4 — — ns — 
rigid July 9 -- - - - - - ns ns --
goldenrod July 25 - - - - - - ns ns ns 
August 21 - - - - - - * ns ns 
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CER of big bluestem and side-oats grama was affected by period of day, and only the CER of 
big bluestem was affected by azimuth (in August). On the other hand, strong local effects (at 
site 2) were observed on the CER of purple coneflower by both aspect and time of day. 
Among the three species measured at both sites 2 and 9, the CER of the forb purple 
coneflower was the most dependent on the influence of azimuth and time of day, and the CER 
of the C4-grass side-oats grama was the least dependent on the influence of azimuth and time 
of day (Table 6). Differences in the CER of leadplant and rigid goldenrod due to azimuth 
occurred once in each species, at times that correspond fairly closely to each species flowering 
time. 
The most consistent effect on CER of species was time of day. For every significant 
difference observed between time one (generally in the morning) and time two (always in the 
afternoon), the CER measured during time one was greater than during time two (Fig. 14 and 
15). It was also apparent that big bluestem was the most sensitive to time of day among the 
species monitored. Time of day effects occurred in 71% of the local, time by measurement 
period evaluations for big bluestem, as compared to 29% for side-oats grama and purple 
coneflower (Table 6). The most sigmficant time of day effect was observed for purple 
coneflower at site 2, when CER during period one was 218% and 98% greater than during 
time two for June and early July measurement periods, respectively (Fig. 14). 
Although differences in CER due to azimuth (and presumably nucroclimate) at the 
landscape scale were not as frequent as time of day effects, there were several significant 
effects of aspect at the local scale. The only azimuth effect at site 2 for big bluestem occurred 
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Figure 14. The effect of time of day on carbon exchange rates (CER) of three grassland 
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in early July, after several weeks of very little precipitation (Fig. 16). At this time the CER of 
big bluestem was significantly lower on the south aspect (9.8 /imol CO2 m"^ s"') than on the 
east aspect (17.2 /miol CO2 m'^ s"\ Fig. 16). The seasonal variation in CER of big bluestem at 
site 2 was greatest on the south aspect, intermediate on the northwest aspect, and lowest on 
the east aspect (Fig. 16). At site 9, the only azimuth effect on the CER of big bluestem 
occurred in late July, immediately following several significant precipitation events. In this 
case, the CER of big bluestem on the southwest aspect was significantly greater than on the 
northwest aspect (Fig. 16). 
Although there were no significant azimuth effects on the CER of side-oats grama at 
site 2, there were some evident similarities and dissimilarities in the pattern of seasonal 
variation in CER to the pattern observed in big bluestem. For both species, CER on the south 
aspect varied most. While CER of big bluestem on the east aspect was the least variable, the 
CER of side-oats grama on the east aspect was as variable as it was on the south aspect. 
Conversely, while the CER of side-oats grama was least variable on the northwest aspect, the 
CER of big bluestem on the northwest aspect was relatively greater (Fig. 16 and 17). 
Azimuth effects on the CER of side-oats grama at site 9 occurred twice. On June 4, the CER 
of side-oats grama on the southwest and east-southeast aspects was significantly greater than 
on the northeast aspect, and during late July the CER of side-oats grama on the southwest 
aspect was significantly greater than on the northeast aspect (Fig. 17). 
The effect of azimuth on the CER of purple conefiower was the most inconsistent. At 
site 2, there was a significant difference in the CER of purple conefiower early in the season 
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(June 4), when plants on the south aspect had a higher CER than plants on both the east and 
northwest aspects (Fig. 18). However, this difference was reversed, at least partially, at mid-
season after recent precipitation (July 25) when the CER of plants on the east aspect was 
significantly greater than on the south aspect (Fig. 18). At site 9, the only effect of azimuth 
on the CER of purple coneflower occurred early in the season, when CER of plants on the 
northwest aspect was significantly greater than plants on the southwest aspect. 
Although azimuth effects on the CER of leadplant and rigid goldenrod were detected 
in the ANOVA (Table 6), the differences in azimuth means were not great enough to exceed 
the Bonferonni multiple comparison criterion (Fig. 19). For leadplant, the greatest difference 
in CER occurred between the northwest (high CER) and the south aspect (low CER), while 
for rigid goldenrod the greatest difference in CER occurred between the southwest (high 
CER) and the east-southeast aspect (low CER, Fig. 19). Perhaps equally as important was 
that the time these differences occurred, early July for leadplant and late August for rigid 
goldenrod (Table 6), corresponds closely with each species's flowering time. 
Only one of the species in which CER was monitored displayed a significant 
correlation between CER and soil moisture. Observations of the CER of side-oats grama and 
soil moisture, made throughout the growing season on each of the seven measurement 
stations, were positively correlated (Table 7). The abundances of two species at site 2, side-
oats grama and leadplant, were positively correlated with CER measurements made at site 2 
(Table 8). Of the five species in which CER measurements were monitored, the abundances 
in the community of four were significantly associated with CER measurements at some time 
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Table 7. Pearson product correlation and significance for association 
between soil moisture and CER of species fi-om observations 
made on all measurement stations at sites 2 and 9 throughout 
the 1992 growing season. Significant correlations are indicated 
at three levels: * p< 0.05, ** p^ 0.005, *** p^ 0.0005. 
Non-significant results are indicated with "ns." 
Species Soil Core Pearson Correlation 
big bluestem upper 
lower 
ns 
ns 
side-oats grama upper 
lower 
0.44 • 
0.41 • 
purple coneflower upper 
lower 
ns 
ns 
leadplant upper 
lower 
ns 
ns 
rigid goldenrod upper 
lower 
ns 
ns 
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Table 8. Pearson correlation coefficients for association between the CER 
and importance of a species in community composition (weighted 
frequency measurement) at measurement stations at site 2. Sample 
size is three for all species. Significant effects are indicated at three 
levels: * p^ 0.05, ** p^ 0.005, *** p^ 0.0005. Non-significant 
results are indicated with "ns" and = not measured. 
CER Species 
Measurement 
Period big bluestcm 
side-oats 
grama 
purple 
coneflower leadplant 
June 4 ns ns ns ns 
July 9 - ns ns ns 
July 25 ns 0.997 • - ns 
August 21 ns ns ns 0.999 • 
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during the growing season (Table 9). The abundance of big bluestem was significantly 
positively associated with soil moisture on three of the four measurement periods, while side-
oats grama was negatively associated and leadplant was positively associated with soil 
moisture on one of the measurement periods (Table 10). 
DISCUSSION 
The importance of slope azimuth in determining composition of vegetation is well-
known. The best evidence comes from observable differences in vegetation among slope 
aspects. For example, the vegetation on north- and south-facing slopes is sometimes 
physiognonucally distinct (e.g., grassland on south-facing and woodland on north-facing 
slopes). Slope azimuth also accounts for variation in vegetation within a physiognomic type 
at the community level. The phenomenon has been particularly well-documented in forest or 
woodland vegetation (e.g., Whittaker 1956, 1960; Despain 1973, Peet 1981, Johnson-Groh 
1985, Pigott and Pigott 1993), but has also been reported in some grasslands (e.g., 
Daubenmire 1942, Rosburg et al. in preparation). While the importance of slope aspect in 
generating variation in microclimate and the subsequent effect of microclimate on vegetation 
are indisputable, the amount of variation in microclimates and the processes whereby 
microclimate affects vegetation are less well understood. 
In the present study of a grassland ecosystem, substantial differences were observed in 
the microclimates on different slope aspects. With respect to air temperature, there were 
several important conclusions. One observation was that air temperature on most slope 
Table 9. Pearson correlation coefficients for association between the CER of species measured on the stations at sites 
2 and 9 and their importance in community composition (weighted frequency measurement) as measured in 
community samples observed on topographically similar habitats throughout the Loess Hills (All) or only 
within the Loess Hill Wildlife Area (LHWA). Sample size for the first three species is 6 or 7; for the last two 
species sample size is 3. Significant effects are indicated at three levels: * p< 0.05, ** p< 0.005, 
*** p< 0.0005. Non-significant results are indicated with "ns" and " = not measured. 
CER Species 
Measurement bigbluestem side-oats grama purple coneflower leadplant rigid goldeniod 
Period All LHWA All LHWA All LHWA All LHWA All LHWA 
June 4 ns ns ns ns ns ns ns ns ns ns 
July 9 ns ns ns ns ns ns ns ns ns ns 
July 25 ns ns 0.876 • ns ns ns 
-
- ns ns 
August 21 ns 0.811 • ns ns ns ns 0.996 • ns -0.99 • -0.98 • 
Table 10. Pearson correlation coefficients for association between soil moisture measured on the stations at sites 2 and 
9 with a species's importance in community composition (weighted frequency measurement) as measured in 
community samples observed on topographically similar habitats throughout the Loess Hills (All) or only 
within the Lxjess Hill Wildlife Area (LHWA). Sample size for the first three species is 6 or 7; for the last 
two species sample size is 3. Significant effects are indicated at three levels: * p< 0.05, ** p< 0.005, 
*** p< 0.0005. Non-significant results are indicated with "ns" and " = not measured. 
Soil Moisture Species 
Measurement Soil big bluestem side-oats grama purple coneflower leadplant rigid goldenrod 
Period Core All LHWA All LHWA All LHWA AH LHWA All LHWA 
June 4 upper ns ns ns ns ns ns ns ns ns ns 
lower ns ns ns ns ns ns 
— 
ns ns ns 
July 9 upper ns ns ns ns ns ns ns ns ns ns 
lower 0.75* ns ns ns ns ns ns 0.99 » ns ns 
July 25 upper ns ns ns ns ns ns ns ns ns ns 
lower 0.86 • ns ns ns ns ns ns ns ns ns 
August 21 upper 0.75* ns -0.77* ns ns ns — ns ns ns 
lower ns ns ns ns ns ns ns ns ns ns 
189 
aspects in the Loess Hills was higher than the regional air temperature. Some of this 
difference is likely due to differences in the placement height of the sensors. The standard 
height of weather station thermometers is 2 m, which is considerably higher than the 10 and 
50 cm sensor heights used in this study. However, some of the difference may have arisen 
from the general difference in topography. The regional weather stations are located in areas 
of relatively level topography compared to the study area. In the Loess Hills, the angles of the 
slopes increase the daily average angle of incidence (angle between the normal to the surface 
and the beam) of solar radiation relative to level topography and therefore would decrease the 
daily total radiation. However, for certain periods within the day the angle of incidence on 
east, south and west aspects may be considerably lower than for a horizontal surface, and 
during these periods the amount of shortwave radiation incident on the surface increases, 
which increases the potential for higher daily maximum air temperatures. The tops of peaks 
appear to be especially prone to higher air temperatures, because at most times of the day, 
there is an adjacent slope that is receiving more solar radiation than any other portion of the 
hill. As the air over adjacent slopes warms from incident solar radiation it also rises, perhaps 
moving up slope toward the peak. For example, during a three-day period in late June, the 
mean daily maximum air temperature at a height of 50 cm on the top of a peak in the Loess 
Hills was over 5°C warmer than the regional daily maximum air temperature. 
A second conclusion was that air temperatures can be considerably warmer on the 
southwest aspect than on the northeast aspect. Except for one measurement period, the daily 
maximum air temperatures at a height of 10 cm were always at least 3°C higher, and up to 
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TC, higher, on southwest than northeast aspects. In a study of the microclimates in a small 
valley in central Ohio, the average weekly maximum air temperatures on a southwest slope 
were only 1.1, 1.4, and 1.9°C warmer than on a northeast slope for June, July, and August, 
respectively (Wolfe et al. 1949). Unlike the present study, in the Ohio study both the 
southwest and northeast slopes were forested. Air temperatures were measured under a 
forest canopy, which apparently mediated potential differences due to azimuth and resulted in 
the much lower differences in air temperature between southwest and northeast aspects. 
The consequences of higher air temperatures both at the landscape scale (in the Loess 
Hills vs. the surrounding region) and at the local scale (southwest slopes vs. northeast slopes) 
can be separated into effects on biological and physical processes. Biological implications are 
primarily those associated with the effect of temperature on photosynthesis and respiration. In 
general, net photosynthesis declines at high temperatures partly from the more rapid increase 
of respiration with temperature and partly from a time-dependent photosynthetic inactivation 
at high temperatures (Jones 1992). Dark respiration is generally separated into components 
for growth (energy for synthesis of new cell structure) and maintenance (energy for 
maintaining existing cell structure). Maintenance respiration is assumed to be proportional to 
dry weight and strongly temperature-dependent, while growth respiration is directly 
dependent on photosynthesis and not directly dependent on temperature (Jones 1992). The 
overall effect of higher temperatures on community composition also depends on other 
environmental factors, especially water availability. However, if air temperature is uncoupled 
from water availability, the biological effect of higher air temperatures may be selection for 
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species with a relatively higher optimum response of photosynthesis to temperature and lower 
biomass (to decrease respiration costs). 
The importance of temperature on physical processes is most evident in considerations 
of energy balance, evaporation, and transpiration. Higher air temperatures are indicative of 
higher radiation-loading of leaves, which becomes detrimental when leaf temperatures exceed 
the optimum for photosynthesis. Because air at warmer temperatures can hold more 
moisture, higher air temperatures also increase water losses through evapotranspiration by 
increasing the saturation vapor pressure of the air, increasing the temperature of evaporating 
objects, and consequently increasing the water vapor pressure gradient between moist surfaces 
(e.g., leaf or soil particles) and the air. The ultimate importance of the physical effect of 
higher air temperatures on vegetation depends on water availability in the soil. 
Other than the physical downward movement of soil water through the soil profile, 
which should be equivalent for slopes of similar steepness, soil texture, and organic matter, 
the loss of soil moisture is caused by evapotranspiration. Although evaporation was not 
measured in the present study, measurements of evaporation in the Loess Hills by Shimek 
(1909) indicate that a nearly twofold difference can occur between slope aspects. Shimek 
reported the average daily evaporation (7AM to 7PM) for five days between August 13 and 
September 12 on the southwest- and east-facing slopes of the same ridge was 0.45 mm h"^ and 
0.24 mm h"\ respectively. These data suggest that the differences observed in microclimates, 
particularly the higher mean daily maximum air temperatures at 10 cm on the southwest 
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aspect relative to the northeast aspect and the lower soil moisture on the southwest aspect 
relative to the northeast aspect, are likely linked by differences in evaporation. 
On a seasonal basis, there was a trend for greater differences in air temperature among 
slope aspects during measurement periods early or late in the season, undoubtedly due to the 
lower solar angles that occur early and late in the growing season. Differences in 
microclimate among slope aspects early in the season are likely important in the timing of 
regrowth of vegetation, which ultimately affect species' performances, and in the loss of soil 
moisture through evapotranspiration. However, since soil moisture levels early in the season 
are higher overall, the more important consequence at this time may be the timing of 
regrowth. Differences in microclimate among slope aspects late in the season are more likely 
to be coupled with lower overall soil moisture (due to a decrease in mean precipitation), and 
thus may play a more important role in the abundance of perennial species in the community. 
Another conclusion was that air temperature and PPFD were very closely associated, 
and consequently the amount and pattern of cloud cover can be an important factor affecting 
microclimates. Analogous to the way that forest vegetation apparently mediates the potential 
air temperature differences at ground level due to azimuth, cloud cover also mediates potential 
differences in air temperature. Under clear conditions, some slopes receive primarily direct 
shortwave radiation and others receive primarily diffuse shortwave radiation, which accounts 
for the greater difference among the slopes in the total amount of radiation and air 
temperatures than under cloudy conditions when all slopes receive primarily diffuse radiation 
and potential differences are mediated. Intermittent cloud cover can also cause considerable 
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temporal variation in air temperatures, especially on the slopes receiving direct shortwave 
radiation. For example, on 10 August 1991, the air temperature on the southwest slope at 10 
cm went from 39.1°C down to 28.7°C and back up to 40.4°C in response to the passing of a 
cloud, all in less than 1.5 hours. 
Although there was a clear association between PPFD and air temperature, there were 
two noticeable exceptions. During the July 11-15 measurement period, mean daytime and 
mean maximum air temperatures at both 10 and 50 cm heights on the east-southeast slope 
were substantially higher than on the southwest slope despite a higher PPFD on the southwest 
slope. Because the patterns between PPFD and potential shortwave radiation were in 
agreement among all stations, cloudiness could not have been a factor. Wind could potentially 
be a factor through convective cooling on the southwest slope, but total wind on the east-
southeast and southwest slopes was nearly equivalent. It is possible that the sunshields 
protecting the thermocouples on the east-southeast slope were faulty, but since both the 10 
and 50 cm temperatures were higher, both sunshields would have had to have been affected, 
and this seems unlikely. There does not appear to be a ready explanation for the higher air 
temperatures on the east-southeast aspect. 
A second exception was a trend for the northwest aspect to have higher air 
temperatures than predicted from PPFD. Because the northwest aspect is the last slope 
azimuth to receive direct shortwave radiation during the day, its period of maximal irradiation 
occurs at a time when the regional air temperature has generally reached a maximum. In other 
words, when direct shortwave radiation begins to fall on the northwest aspect, the air 
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temperatures are already higher than they were when direct shortwave radiation began to fall 
on the other slope aspects earlier in the day. Thus, the direct shortwave radiation on the 
northwest slope has a greater warming effect because of "accumulated heat". 
Although the effect of slope azimuth on daytime average air temperatures in this study 
appears to be minimal, the frequent occurrence of cloud cover during measurement periods 
must be considered. There were many instances when, under intermittently clear conditions, 
morning air temperatures at 10 cm on an east-facing slope were as much as 10°C higher than 
on the southwest-facing slope, and afternoon air temperatures on a southwest-facing slope 
were as much as 12°C warmer than on the east-facing slope. It is clear that the amount of 
difference in microclimate temperatures is strongly related to the amount of direct vs. diffuse 
shortwave radiation. National Weather Service records from Sioux City, Iowa, approximately 
60 km northwest of the study site, indicate that the daily mean percentage of possible sunshine 
for two of the five measurement periods was considerably lower than the long-term monthly 
values (Table 11). During these two measurement periods (June 2-4 and Aug 6-11), mean 
daj^ime air temperatures at the 50 cm height among the different slope aspects was most 
similar (Fig. 4). 
The importance of soil temperature is most likely manifest in two ways. One is the 
influence on the diffusion of moisture through the soil towards the surface and subsequent 
evaporation. Relatively higher soil temperatures would increase upward diffusion and 
evaporation which would lower soil moisture. The second is the effect of soil temperature on 
respiration of roots and their ability to grow and actively transport water and nutrients. In this 
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Table 11. Comparison of the daily mean percentage of maximum possible 
sunshine recorded at Sioux City, Iowa during microclimate 
measurement periods with monthly long-term averages. Data from 
Greg Michaels, National Weather Service, Sioux City, Iowa. 
Daily Mean Percentage of Maximum Possible Sunshine (%) 
Long-term average Measurement Periods in Loess Hills 
Month 1951-1980 1990 1991 1992 
May 62 - 1 1 00
 
June 67 75 46 
July 73 - 76 
August 70 - 45 
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study, the differences in the 24-hour means of soil temperature among aspects were not very 
great, suggesting that soil temperatures may not be as important as air temperatures in 
differentiating the microclimates and communities associated with different slope aspects. 
Mean soil temperatures on southerly orientations were typically slightly higher than on 
northerly orientations, but the differences were typically less than 1.5°C. A difference of 
1.5°C between south- and north-facing slopes in May suggests perhaps a temporary effect of 
slope aspect, in particular on the timing of regrowth in the spring. Whether or not earlier 
regrowth on southerly slope aspects has any important consequences on differences in 
community composition is not clear, but if soil moisture and precipitation are limited, earlier 
regrowth could increase transpiration and deplete soil moisture relative to slopes with later 
initiation of regrowth. 
Among the microclimate variables measured, the differences in the amount of wind 
among slope aspects was the greatest. Increases in wind speed decrease the boundary layer 
resistance of leaves, which generally causes the transpiration rate to increase (Jones 1992). 
However, if leaf temperature is significantly above air temperature, increasing wind can 
decrease transpiration because convective cooling lowers the leaf temperature and 
consequently decreases the water vapor pressure in the leaf The decrease in the driving force 
for transpiration can be greater than the reduction in boundary layer resistance (Jones 1992). 
The physiological effect of wind may be either to increase or decrease transpiration, 
depending on other factors such as leaf stomatal behavior and radiation load. 
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There was good evidence in this study that wind could lower the water vapor pressure 
of the air above the vegetation, which implies a steeper water vapor pressure gradient between 
leaves and the air and possibly increased transpiration. The consistently higher vapor pressure 
on the southwest aspect in June (Fig. 10) may have resulted from the lower wind speeds 
causing less dispersal and upper level mixing of water vapor relative to the slope azimuths 
with higher wind speeds. The lack of an apparent association between water vapor and wind 
in July (Fig. 11) may be due to the lower wind speeds, about '/i the speed observed in June. 
In July, water vapor pressure was apparently strongly associated with PPFD, which possibly 
reflects the tendency of higher air temperatures to increase water vapor pressure through 
increased evapotranspiration. 
While the physiological effect of wind on a plant may vary, depending on other 
factors, another important effect of wind that is less dependent on interacting factors is its 
physical effect on the evaporation of moisture from soil. A steeper water vapor pressure 
gradient between soil and air is certain to increase evaporation and lead to lower soil moisture 
levels. 
Next to wind, microclimate differences were most noticeable with respect to soil 
moisture. South and southwest azimuths were consistently drier than east and northeast 
slopes. Northwest-facing slopes were often drier than east and northeast azimuths. Because 
soil moisture was measured in 1992, and temperature, wind and vapor pressure were 
measured primarily in 1991, it is not possible to establish conclusively the driving force 
responsible for soil moisture differences among slope azimuths. Presumably higher shortwave 
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radiation, higher air and soil temperatures, and higher wind speeds on southerly orientations 
decreased the soil moisture relative to northerly orientations through increased 
evapotranspiration. Microclimate measurements made over 1990, 1991, and 1992 indicate 
greater PPFD and the potential for greater air and soil temperatures, depending on amount 
and pattern of cloudy weather, on south and southwest aspects. However, wind direction 
during the same measurement periods was more frequently from the east (northeast, east, 
southeast) than from the south (southeast, south, southwest), although a southerly wind 
direction was the second most frequently observed (Table 4). National Weather Service 
records indicate that the prevailing wind direction for Sioux City, Iowa and Omaha, Nebraska 
during late spring and summer is southeast, unlike the south or southwest wind directions 
typical for the Midwest (pers. comm. Greg Michaels, National Weather Service, Sioux City, 
Iowa). 
The extent to which soil moisture differences can be connected to differences in 
photosynthetic rates depends on the species and the absolute amounts of soil moisture. 
Significantly lower soil moisture on the south relative to the east aspect in June at site 2 was 
not translated into a difference in the CER of big bluestem, but significantly lower soil 
moisture on the south relative to the east aspect, of about the same magnitude, in early July 
did translate into significantly lower CER of big bluestem on the south relative to the east 
aspect. The important difference was that in June the soil moisture amounts were higher 
(means of 15.5 and 17.0%), while in early July soil moisture levels were much lower (means 
of 10.0 and 11.5%). Thus, although significant differences in soil moisture may be detected 
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among slopes, they may not be important physiologically (e.g., cause differences in a species 
CER) unless overall soil moisture is relatively low. 
Big bluestem was the only species measured that displayed a close positive association 
between photosynthetic rates and the abiotic environment, which suggests it's community 
importance may be more influenced by abiotic than biotic factors. It was the only species that 
exhibited a decline in CER in response to a decline in soil moisture, and this response was site-
specific (site 2). Big bluestem was also the only species that displayed a significant difference 
in CER due to azimuth at the landscape scale. Because abiotic factors are more likely 
manifest at the landscape scale than are biotic factors, this result also provides evidence of the 
greater importance of abiotic factors for big bluestem. 
The differences in the CER of side-oats grama, which again were site-specific (site 9), 
appeared to demonstrate a cormection with soil moisture and perhaps interspecific 
competition. At the two measurement periods when soil moisture was relatively high (> 15%, 
June and late July) the CER of side-oats grama was significantly greater on the southwest than 
the northeast aspect. However, at the two measurement periods when soil moisture was 
relatively low (^ 13%, early July and August) there were no significant differences in CER of 
side-oats grama. This pattern suggests that the CER of side-oats grama was depressed during 
high soil moisture periods on northeast aspects by interspecific competition, perhaps with big 
bluestem. Big bluestem was more abundant on the northeast than the southwest aspect, most 
likely because of its closer dependence on soil moisture. During high soil moisture periods, it 
may be more physiologically competitive and depress the CER of side-oats grama on the 
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northeast aspect relative to side-oats grama on the southwest aspect, which does not 
experience competitive pressure from big bluestem because very little big bluestem is present 
on the southwest aspect. During periods of relatively low soil moisture, big bK^estem may not 
be as physiologically competitive and consequently side-oats grama does equally well on all 
slope aspects. 
Studies have showoi differences between the water-stress tolerance of tallgrass species 
such as big bluestem and mid-grass species such as side-oats grama (Martin et al. 1991). 
Comparison of both the midday leaf xylem water potential and the water conductance of big 
bluestem during a drought and subsequent to a rain showed significantly lower water potential 
and water conductance during the drought, suggesting big bluestem was physiologically 
stressed. Measurements were not made on side-oats grama, but measurements on little 
bluestem fAndropoeon scoparius), another mid-grass species often observed with side-oats 
grama, suggest that although leaf xylem water potential was slightly lower than big bluestem 
during the drought, the response to the rain as measured by conductance was much less (post-
rain leaf conductance in little bluestem was much less than in big bluestem), suggesting less 
physiological stress in the mid-grass species (data in Martin et al. 1991). 
Hake et al. (1984) reported lower predawn xylem water potentials for little bluestem 
than for big bluestem after June, during a dry, hot growing season. They reasoned that the 
tallgrass species big bluestem avoids dehydration by having a deep root system, and the mid-
grass species little bluestem survives in spite of a high degree of dehydration. 
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Of the three species for which CER was measured at both sites, purple coneflower 
exhibited the least dependence on the abiotic environment (i.e., soil moisture). The 
inconsistency and lack of a pattern with soil moisture suggest that biotic factors are much 
more important determinants of CER, and perhaps of conununity abundance, for purple 
coneflower. Also, the greater tendency for highly significant local effects on the CER of 
purple coneflower is suggestive of greater importance of biotic factors, which are likely more 
manifest at the local scale than the landscape scale. Similarly, the pattern of seasonal CER in 
leadplant and rigid goldenrod suggests that biotic factors could be more important for rigid 
goldenrod relative to leadplant. 
Because of changes in phenology through the growing season, species demand for 
resources can be expected to vary, and when this variation is overlain on a community of 
interacting species that in turn interact with abiotic resources, it is reasonable to expect that 
the biotic environment a species experiences is more variable and unpredictable than the 
abiotic environment. A seasonal pattern in CER that is inconsistent and unpredictable with 
respect to an observed abiotic factor is suggestive of greater dependence on the biotic 
environment. The correlations observed between soil moisture and a species's importance in 
community composiliion concur with the CER observations. Community importance of big 
bluestem and leadplant exhibited positive correlations with soil moisture, indicating an 
important connection to the abiotic environment. The significant negative correlation between 
soil moisture and the community importance of side-oats grama (measurement stations with 
higher soil moisture were associated with a lower mean abundance in community samples that 
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were topographically similar to the measurement station) is suggestive of importance of soil 
moisture, but in a negative fashion because of interaction with other species (e.g., big 
bluestem). No correlation was found for purple coneflower and rigid goldenrod, indicating 
less abiotic dependence and presumably more biotic dependence. 
Big bluestem and to a lesser extent leadplant exhibited CERs that were the most 
dependent on the abiotic environment. Both of these species are relatively large and robust 
species and are capable of high productivity (Rosburg et al. in preparation). Side-oats grama 
displayed a dependence on both biotic and abiotic components, especially the interaction of 
those components. Individuals of side-oats grama have less than half the productivity 
potential of big bluestem, but because individuals occur with high frequency, it is moderately 
productive at the population level relative to other species in the community (Rosburg et al. in 
preparation). Purple coneflower and rigid goldenrod are both forbs that have a different 
growth form and a typical production per individual that is considerably less than the other 
species measured. Thus, based on their patterns of CER and soil moisture availability, these 
species suggest a relationship between species' productivities and their relative dependence on 
abiotic and biotic factors. The relationship occurs as a continuum fi^om highly productive and 
more abiotically-dependent through intermediate productivity and abiotic- and biotic-
dependent, to low productivity and more biotically-dependent. 
The overall higher CER during the first measurement time than the second 
measurement time emphasizes the importance of air temperature. Air temperatures were 
lower during the first measurement time (typically from 0900 to 1300) than the second 
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(approximately 1330 to 1730). Thus, considering patterns of PPFD, the coincidence of 
favorable air temperatures and PPFD for photosynthesis occurs on easterly aspects. This 
combination of favorable microclimate factors, aside from the more favorable soil moisture 
levels on east and northeast slopes, is most likely an additional mechanism influencing 
differences in community composition between easterly slopes and southwest aspects, which 
receive favorable PPFD at a time a day when air temperature is less favorable for 
photosynthesis. This component of the abiotic environment may be most important for big 
bluestem, since its CER was most affected by time of day. Side-oats grama and purple 
coneflower were both less affected by time of day (fewer significant differences through the 
growing season on sites 2 and 9). Time of day differences provide additional evidence 
supporting the greater influence of the abiotic environment in determining the importance of 
big bluestem in the community. 
Correlations were calculated for all possible pairings among soil moisture, CER of 
species, and community importance of species. The highest linkages among these pairings 
were those associated with species' community importances, while the lowest linkage 
occurred between CER and soil moisture (Fig. 20). This appears to be counter-intuitive since 
it would seem that soil moisture and CER should be more closely associated. However, it is 
plausible that a species's importance in the community might be a better predictor of a 
species's CER because a species's importance is likely an integration of many important 
factors, both abiotic and biotic, while soil moisture is only one factor. 
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soil moisture 
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Figure 20. The percentage of species (n=5) that exhibited significant correlation 
among the possible pairings of soil moisture, CER of species, and 
community importance of species. 
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Soil moisture and CER were both fairly good predictors of species' importances in the 
community despite the lack of good correlation between CER and soil moisture because each 
was correlated at different times of the growing season. Soil moisture tended to be the best 
predictor of species' importances at times when soil moisture was relatively low, while CER 
tended to be a good predictor of species' importances at the end of the growing season. A 
clear distinction between the importance of dry periods and the end of season CER cannot be 
made since the end of the growing season (August) was also one of the relatively dry 
measurement periods. However, these data do suggest a difference in the way each affects a 
species's importance in the community. It seems possible that while end of season CER might 
include some effect of low soil moisture, it might also include physiological demands 
associated with perennialism. Because these species are all perennials, perhaps end of season 
CER is a better indicator of the individual's vigor and persistence, which would be important 
predictors of the importance of a perennial species in the community. 
There appears to be few studies that have attempted to link ecophysiological and 
microclimate observations with community composition. Barnes and Harrison (1982) 
measured available soil moisture and water stress along a transect down a dune in Sandhills 
grassland in central Nebraska. Available soil moisture was shown to vary seasonally, with 
depletion occurring sooner and for more of the growing season in the finer-textured soils in 
lowlands than in the coarser-textured soils on ridges and slopes. Two grass species, prairie 
sandreed (Calamovilfa loneifolia') and sand bluestem (Andropoeon halliiV exhibited lower leaf 
water potential during the later part of the growing season in the community on the drier. 
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finer-textured soils than in the community on the coarser-textured soils. Thus the higher 
abundance of sand bluestem (cover measurements) on the coarse-textured soils appeared to 
have a physiological basis. However, the abundance of prairie sandreed was highest on the 
finer-textured soils of the valley community. Species that displayed the lowest predawn leaf 
water potentials, the Cj species western wheatgrass (Aeropvron smithii'> and needle and 
thread grass (Stipa comata), were more abundant on the finer-textured soils because these 
soils hold more water during times when water is more available, such as in the spring (Barnes 
and Harrison 1982). 
Of the four Loess Hills species that exhibited a significant correlation between end of 
season (late July and August) CER and community importance, three had positive correlations 
as would be expected. The negative correlation for rigid goldenrod suggests that the 
mechanisms responsible for rigid goldenrod's community importance are different from those 
of the three species with a positive correlation. It is difficult to envision why such a result 
would arise, but in earlier discussion it was established that for rigid goldenrod biotic factors 
were likely more important than soil moisture. One biotic factor that may be important is seed 
dispersal. The weighted frequency measurement, used to assess a species's importance in the 
community, was designed to weight the frequency of individuals by their vigor to obtain a 
measure of community importance. Despite the weighting factor for vigor, a species' 
community importance is mostly determined by frequency of "individuals". Rigid goldenrod 
has fairly good seed dispersal (Piatt and Weis 1977) and appears to become established from 
seed relatively easily. One possible explanation for the negative correlation between CER and 
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community importance is that in habitats more favorable for colonization (e.g., habitats that 
are more open and less productive), rigid goldenrod may have a high frequency of young 
plants, but low CER. In habitats where the CER of rigid goldenrod is higher, the habitat, 
being more favorable for growth, could be less open and consequently have fewer young 
plants and consequently a lower weighted frequency. Although this scenario is speculative, it 
does point out that biotic factors, other than competition, can play an important role in 
determining the variation in the abundance of species in communities. 
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GENERAL SUMMARY 
Despite the extensive loss of original prairie on the lower slopes and in the valleys, the 
Loess Hills landform in western Iowa still contains an impressive diversity of grassland 
communities. A steep moisture gradient, caused by variation in slope azimuth and relative 
elevation, and a disturbance/fertility gradient, which is related to slope angle, are the principal 
environmental factors governing the variation in community composition of the eight 
grassland community types identified here. Before Euro-American settlement tallgrass 
communities would have dominated the landscape, but nowadays mid-grass vegetation, which 
occupies the more xeric habitats, is the dominant grassland. Ecotonal communities were also 
diverse, reflecting both shrub- and tree-dominated community types. 
The dry mid-grass and mid-grass community types, in which side-oats grama 
(Bouteloua curtipendula'> was a dominant species, were associated v«th southwest- and south-
facing aspects. Big bluestem (Andropoeon gerardii") was a dominant species in tallgrass and 
tallgrass edge community types. While the tallgrass edge type was associated with north-
facing aspects, the tallgrass community type was observed on all aspects because of an 
interaction with relative elevation. If relative elevation is constant, then tallgrass community 
type was associated with north- and northeast-facing aspects. 
The differences in abundance between side-oats grama and big bluestem in these 
community types were substantial. Measurements of community aflfmity, which combine a 
species's absolute abundance in a community type with its constancy in the same community 
type in an importance value that is relativized among community types, show that side-oats 
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grama had a much higher importance than big bluestem in the mid-grass community types 
(community affinity of 19% vs. 4.5%), and big bluestem had a much higher importance than 
side-oats grama in the tallgrass community types (community affinity of 21% vs. 7%). 
There was evidence that these differences in community composition are caused by 
abiotic factors and are mediated through a physiological process. Microclimate measurements 
showed that the greatest differences in air temperatures among slope aspects occurred 
between the northeast aspect (lowest daytime means and daily maximums) and the southwest 
aspect (highest daytime means and daily maximums). Concomitantly, soil moisture was 
consistently higher on east and northeast aspects than on south and southwest aspects through 
the 1992 growing season. 
These differences in microclimate apparently resulted in differences in photosynthetic 
rates among individuals of big bluestem and side-oats grama. During a dry period, the 
photosynthetic rates of big bluestem were significantly lower on a southwest aspect than on an 
east aspect. During periods with higher soil moisture the photosynthetic rates of side-oats 
grama were significantly lower on a northeast aspect than on a southwest aspect. It appears 
that these species's photosynthetic capabilities, at least at certain times of the growing season, 
are predictive of their abundance in community composition. 
For big bluestem, the importance of the abiotic environment in determining its 
abundance in the community appears to be greater than the role of the biotic environment. 
However, for side-oats grama, there appeared to be evidence of an important interaction 
between the abiotic environment and some component of the biotic environment, perhaps 
213 
competition. A third species, purple coneflower (Echinacea angustifolia"). did not exhibit any 
recognizable dependence on the abiotic environment (i.e., soil moisture) and therefore is 
presumably more dependent on the biotic environment. Because the biotic environment 
surrounding individuals selected for CER measurement was not assessed, the type of biotic 
factor and its mechanism of operation is not known. The study does demonstrate that the 
importance of either the abiotic or biotic environment is species-dependent and that biotic 
factors may have more relative importance than abiotic factors even on a landscape with a 
dominant abiotic gradient. 
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